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$u(\mathrm{O}, x)=$ ( $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{e}\mathrm{r}\mathrm{p}\mathrm{o}\mathrm{s}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$of $\delta$-functions),
, $(t, x)\in \mathrm{R}\cross \mathrm{R},$ $\partial_{t}=\partial/\partial t,$ $\partial_{x}=\partial/\partial_{x}$ $u=u(t, x)$
. $N(u)$ .
$N(u)=|u|^{p-1}u$ ( $1<p<3$ )
, $\lambda$ . ${\rm Im}\lambda<0$
. $u(\mathrm{O}, x)=\mu_{0}\delta_{0},$ $u(0, x)=\mu 0\delta_{0}+\mu_{1}\delta_{a}$
$u(0, x)=\mu 00\delta_{0}+\mu_{10}\delta_{a}+\mu_{01}\delta_{b}$ .
, $\delta_{a}$ $x=a\in \mathrm{R}$ $\delta$- . ,
$\mu_{k},$ $\mu_{jk}(j, k=0,1)$ .
,
3 ( , $p=3$ . ,
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$\mathfrak{y}r3_{\cup^{\backslash xl^{\grave{\grave{1}}}\mathrm{b}^{\vee}-}}^{*;},\sim \mathcal{D}\ovalbox{\tt\small REJECT}$\Re \tau #g ‘‘‘-@\mbox{\boldmath $\lambda$}\iota \tau \vee \fx\vee ).) -Ch 6. at $UZ\Phi\# 0$ ee $[] \mathrm{f},$ $\Re \mathfrak{C}\zeta\dagger^{\mathrm{J}[]}’$. ib
$\#\mathrm{J}\text{ }i/_{\beta}^{\mathrm{d}}|*_{\backslash }\Psi\nearrow\nearrow\Re\emptyset\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathfrak{X}\ovalbox{\tt\small REJECT} k\ovalbox{\tt\small REJECT}^{\backslash }A^{\backslash }\backslash T6iF\mathrm{E}X\text{ }\equiv-.\mathrm{b}*\iota T\mathrm{t}^{\lambda}6$ . $[10]$ .
$\mathrm{f}\mathrm{f}\mathrm{i}^{1}\mathrm{J}\mathrm{f}\not\subset$ kmU\tau -‘- }\llcorner \acute \epsilon SZ $T\text{ }\ovalbox{\tt\small REJECT}\Psi_{\text{ }}\mathfrak{B}\Phi \text{ }\mathrm{E}\mathrm{f}\mathrm{f}\mathrm{i}\mathcal{D}\mathrm{m}*k’\cap^{-}\cdot\circ \mathrm{t}’.\mathrm{t}\mathcal{D}\}’l\mathfrak{X}\iota\backslash \epsilon\iota\backslash \epsilon rx\mathrm{t}\emptyset t^{\grave{\grave{1}}}$
$\hslash 6\cdot\emptyset \mathrm{J}\dot{\mathrm{x}}|\mathrm{f},$ $\neq \mathrm{E}\ovalbox{\tt\small REJECT} W’,,\Phi:F\mathrm{E}:\mathrm{r}\mathrm{C}\partial_{t}u-\partial_{x}^{2}u+|u|^{p-1}u=0,$ $u(0,x)=\delta_{0}\dagger’.’\supset\psi\backslash \tau|\mathrm{g},$ Brezis-
Riedman [2] $\hslash^{\mathrm{S}\not\in\cdot\S \mathrm{L},T\mathrm{k}^{\backslash }v,\mathrm{e}\sim \mathrm{T}[]\Sigma\urcorner\downarrow \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{l}\mathfrak{i}’\ovalbox{\tt\small REJECT}-\mathrm{t}\text{ }\mathbb{H}\Psi\nearrow/\wedge^{\backslash ^{\backslash }}*\emptyset \mathrm{f}\mathrm{f}\mathrm{l}R\uparrow\Xi t\backslash \Re\not\in \mathrm{S}*\mathrm{b}T}\vee‘\cdot\backslash \backslash$
$\mathrm{t}^{\backslash }6$ . aes 1., $\langle$ ea $3\leq p\emptyset k$ gm\Re \tau -‘- }L\check g \mbox{\boldmath $\sigma$}) , $\Re \mathrm{T}^{\backslash }\mathrm{g}\ovalbox{\tt\small REJECT}\}’.’\supset rxl^{\grave{\grave{1}}}6m_{\backslash }p_{\grave{\grave{1}}\mathrm{f}\mathrm{f}\mathrm{i}_{\backslash \backslash }}l\mathrm{v}\backslash -\mathrm{g}\sim$
$l^{*}:^{=}\overline{\overline{\mathrm{p}}}i\mathrm{E}\mathfrak{U}@*\iota \mathrm{T}\mathrm{k}^{\backslash }\eta,$ $1<p<3 \sigma)\text{ }\mathrm{g}m.\emptyset\Gamma\neq\not\in\emptyset\grave{\grave{>}}\frac{-}{\beta}=\mathrm{j}\mathrm{l}\mathrm{i}\mathrm{H}fl$ ts $h^{\vee}C\mathrm{t}\backslash 6(\mathrm{m}\emptyset r\neq\#$el $\vee\supset \mathrm{V}^{\backslash }\vee C\uparrow 2-$
$\Re\sigma)\mathfrak{M}\mathrm{f}\mathrm{f}\mathrm{f}\mathrm{W}\Re\overline{\mathcal{T}}-\theta \mathfrak{P}\mathrm{t}\ovalbox{\tt\small REJECT} \mathfrak{U}^{\mathrm{u}}\urcorner \mathrm{a}\mathrm{g})$ =\Phi \emptyset T-7f\iota *W\not\in \Phi &\Phi jFEAffi#\emptyset *ffi
$\ovalbox{\tt\small REJECT} \mathrm{E}\vee C\hslash 6\cdot \mathrm{K}\mathrm{d}\mathrm{V}\mathcal{F}_{J}\mathrm{E}\mathrm{J}\prime \mathrm{t}\emptyset\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}\tau|\mathrm{J},$ Tsutsumi [23] tc \ddagger $\mathfrak{h}-\mathrm{f}\mathrm{f}\text{ ^{}\gamma}\mathrm{X}\Re^{1\mathrm{J}\mathrm{K}\text{ }\ovalbox{\tt\small REJECT} J\mathrm{J}\Re\vec{\tau}-p}\not\in$ ;
$\mathrm{b}\tau m-\emptyset T\mathrm{y}_{\wedge}^{-\not\in l^{1_{J}}\overline{\tau\backslash }5\hslash^{rightarrow C\vee^{\backslash }6}}’$. k\emptyset $\yen\#’’$. $x’\supset \mathrm{t}\mathrm{c}\emptyset t^{\grave{\grave{1}}}$ Miura $\ovalbox{\tt\small REJECT} \mathrm{a}[17]T\hslash \text{ }$ . $\yen f’.$ ,
$\Phi \mathfrak{F}*\sqrt[\backslash ]{}$ ‘ ‘ $7\text{ }\triangleright r_{-\text{ }\nearrow F\theta J^{\hat{g}}\not\in \mathrm{A}\dagger^{r,}\supset \mathrm{v}\backslash \tau[] \mathrm{J},\mathfrak{U}^{1}\mathrm{J}\mathrm{R}\sigma)}^{-\backslash }\llcorner$ \ddagger D}-\acute \hslash g#D t‘nffl ^-- $\tau$
Abe-Okazawa [1] $\hslash^{1}*m.\circ \mathrm{R}\Re \text{ }\overline{/\mathrm{T}\backslash }\mathrm{b}T\mathrm{V}^{\backslash }6$ . $\mathrm{t}\backslash \cdot\delta h$ t \emptyset fflffi $[]^{r,}.\supset \mathrm{V}^{\backslash }T|\mathrm{f}\mathrm{f}\mathrm{f}\mathrm{l}\% B\emptyset$fflt $\backslash$
$\yen\grave{t}\mathrm{F}\mathfrak{U}\mathrm{a}\mathrm{e}\not\in)\mathrm{b}$ $\langle$ la#nfxB & lJffl $\mathrm{b}T^{\psi\backslash }$ . $\llcorner,t^{1}\mathrm{b}f\mathit{1}l^{\theta}\backslash \mathrm{b},$ $\neq\in \mathrm{R}\text{ ^{}\prime\backslash /=\cdot \text{ }-\overline{\tau}\text{ \sqrt[\backslash ]{}}\vee\backslash$
$ff-\mathcal{T}_{J}\mathcal{P}\pm x\mathrm{C}[]’$. IS $\Phi_{\backslash }\mathcal{T}r\not\in X$ } $\mathfrak{X}k^{*}\emptyset\Phi 4^{\backslash }*\Re \mathfrak{U}\mathrm{a}\mathrm{e}*\mathrm{K}\mathrm{d}\mathrm{V}$ X@xt\emptyset $X\check{9}’X\mathrm{R}*fX\mathfrak{B}\#\ovalbox{\tt\small REJECT}\ l^{\mathrm{i}\Re}$
$\mathrm{t}^{\tau}\mathrm{f}\tau’+\mathrm{g}\prime x\mathrm{v}\backslash g)T,$ $\delta\ovalbox{\tt\small REJECT}\Re \mathrm{F}^{\backslash }\mathcal{A}\%\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\ 65rx\mathrm{m}|\mathrm{J}\supset F\mathrm{C}\mathrm{W}\Re\overline{\tau}-P\mathrm{T}\mathrm{f}\mathrm{f}\mathrm{i}.\emptyset^{\theta}\backslash \mathrm{a}\mathrm{e}ffi\tau \mathrm{g}6\hslash^{1}\hslash^{\backslash }\hslash^{\backslash \wedge},$ $f’.\theta\dagger’.\mathrm{X}$
\Re \tau $h\text{ }$ .
$:arrow \mathrm{T}\vee$ Kenig-Ponce-Vega [15] $\emptyset \mathrm{P}_{\mathfrak{k}1}\ovalbox{\tt\small REJECT}[]’.\mathrm{b}$V1.R L. $\tau\hslash^{\vee}arrow\dot{9}\cdot$ ff $\mathrm{b}\dagger \mathrm{g}_{\theta\Re \text{ ^{}-}}--Pl\dot{\backslash }u(0,x)=$
$\delta_{0}\mathrm{T}\neq \mathrm{F}\#\Psi\nearrow\wedge^{\backslash ^{\backslash }}*l^{*}\backslash 3\leq p$ ozaa $\mathfrak{i}^{\vee}\neq \mathrm{E}\mathrm{R}\#\nearrow\backslash \text{ _{}\vee}^{\backslash /\mathrm{z}\triangleright-\overline{\tau}}$’ $;\backslash \nearrow X-E\mathrm{E}\mathrm{A}l\dot{\backslash }\text{ }\mathrm{E}\Re T\mathrm{h}$ $arrow\vee$
$\text{ },\vee\overline{\cdot\tau\backslash }\triangleright f’\llcorner$ . \ddagger $\mathit{0}_{\hslash}^{arrow}\equiv*\mathrm{b}$ $\langle$ $\mathfrak{B}\wedge^{*}6\text{ }$ , (NLS) $[] \mathrm{f}\ovalbox{\tt\small REJECT}\Re_{\mathrm{R}}^{\Phi}\mathrm{F}\mathrm{M}$ $C([0,T];S’(\mathrm{R}))$ eek‘v‘\tau \Re B $f_{\llcorner}’’X$
V $\backslash \hslash\backslash \hslash 6\mathrm{t}\backslash |\mathrm{g}\mathrm{g}\mathcal{D}\text{ }\mathrm{b}T\mathrm{t}\mathrm{a}\mathrm{a}T\neq 7\pm^{arrow \text{ _{}arrow}^{\vee}}$ it $\text{ _{}\overline{J\mathrm{T}\backslash }}$ L. $f’.$ . ZEkt $\mathrm{b}|\mathrm{J}\veearrow\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{a}\mathrm{e}\text{ _{}-}\ovalbox{\tt\small REJECT}$Bfl t $\ovalbox{\tt\small REJECT},$ $p$
$)1$ \iota ’ $\ovalbox{\tt\small REJECT} \mathrm{R}u_{N}(t,x)=e^{-itN^{2}}e^{iNx}u(t, x-2tN)\}’.$ & 6\Re \emptyset \tau ‘ t* n \hslash $\mathrm{b}T\mathrm{t}\backslash$ .
$\text{ }\mathbb{B}\Psi\nearrow^{\backslash }\vee^{J}=\triangleright\backslash -\overline{\mathcal{T}}^{\backslash }\text{ ^{}\backslash }\nearrow X-E\not\in.\mathrm{r}\mathrm{O}t’.\prime \mathrm{o}\mathrm{v}\backslash \tau|\mathrm{J}L^{2}(\mathrm{R})*H^{s}(\mathrm{R})(s>0)$ \emptyset #H*\tau
$\emptyset \mathrm{f}\mathrm{f}\mathrm{l}Rl\mathrm{i}’\uparrow\overline{\tau}\mathrm{b}\mathrm{n}\tau \mathrm{g}\gamma-.$ . $([5,6,8,11,12,13,18,19,21,22]rx\geq \text{ }\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT})$ . $k\emptyset\Phi \mathrm{f}\mathrm{f}\mathrm{i}$es $\sim\vee n$
$\mathrm{g}\sigma)\ovalbox{\tt\small REJECT}\Re\nu\circ\Rightarrow 7\mathrm{f}\mathrm{f}\mathrm{i}l^{\mathrm{i}}(\# 7\neq-\mathrm{f}\mathrm{l}^{1}\mathrm{J}*\text{ }*\text{ }\triangleright*-n\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}\mathrm{k}^{\backslash }.\mathrm{k}\sigma$ Strichartz $\ovalbox{\tt\small REJECT}^{-}\ovalbox{\tt\small REJECT}$ffl $[20, 24]$ $k\mathrm{f}\mathrm{f}\mathrm{l}\not\in\theta^{\mathrm{i}}\mathrm{B}\mathrm{t}\backslash \hslash^{1}$
$\mathrm{b}T\mathrm{h}6$ . $\mathrm{b}\hslash\backslash \mathrm{b},$ $\Re*l\mathrm{l}’ ffi\dot{\mathrm{p}}\delta-\ovalbox{\tt\small REJECT}\#\mathrm{m}\Re_{\overline{\mathcal{T}}^{\backslash }}-$ ta $\mathrm{b}\mathrm{b}6\mathrm{A}_{\mathrm{i}}$ $\sim h\vee \mathrm{b}$ \mbox{\boldmath $\sigma$})\hslash *\hslash lb%*\iota $\mathrm{b}$
\emptyset \acute x \tau , $*[]’.\not\cong tJ\mathcal{T}’.\ovalbox{\tt\small REJECT}:\mathrm{g}-\mathrm{X}\mathrm{R}\hslash\emptyset \mathfrak{B}iB\tau|\mathrm{g}\mathrm{f}\mathrm{f}\mathrm{l}\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\Re p_{\grave{\grave{1}}}- \mathrm{c}\mathrm{g}rx\mathrm{v}\backslash .\mathrm{e}-arrow\tau,\delta-\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathrm{u}\Re \text{ ^{}\overline{-}-}$
$\emptyset\hslash \mathrm{t}\#\text{ }-\#\wedge t^{1}1.\prime T\mathrm{f}\mathrm{f}\mathrm{i}\Re 9^{-}J_{\vec{J}}\mathrm{E}\mathrm{A}(\mathrm{N}\mathrm{L}\mathrm{S})$ A\not\in 6 $\Re\#\text{ }\mathrm{E}\mathrm{A}$ (ODE) $\}_{\llcorner}’\ovalbox{\tt\small REJECT}\Leftrightarrow@\not\in 6$ $1^{\backslash },\supset f\mathrm{c}$
7 T\check ^ $k\hslash \mathrm{v}\backslash$ . $\sim\vee$ \emptyset T- $\text{ }\hslash 1^{\backslash }6k6[]’.\hslash\Re_{\overline{\mathcal{T}}}-Pt^{\dot{1}}1\mathrm{X}\emptyset\delta\Phi\Re\emptyset \text{ }\mathrm{g}\}_{\llcorner}’|\mathrm{g}$ ,
\mbox{\boldmath $\delta$}l* \beta g}c\acute fflbn ( $\mathrm{a}\mathrm{e}2$ eme $\ovalbox{\tt\small REJECT} \mathbb{R}$ ) $\mathrm{S}\mathrm{b}t’\hslash\Re_{\overline{\mathcal{T}}^{\backslash }}-$ $l^{\grave{\grave{1}}}2\text{ }\downarrow\prime \mathcal{A}\backslash \mathrm{k}\emptyset\delta\Phi\Re \mathfrak{i}’f\Sigma$ $\geq\phi$
$\Re\Psi,\mathrm{f}\mathrm{f}\mathrm{l}E\mathrm{i}\not\in \mathrm{f}\mathrm{f}\mathrm{l}\mathfrak{i}’$ \ddagger $\mathfrak{h}_{\mathrm{d}}\mathrm{f}\mathrm{f}\mathrm{i}_{\backslash \backslash }\beta \mathrm{B}\mathrm{f}\mathrm{f}\mathrm{i}\emptyset*-\vdash^{*}1^{*}\backslash \mathrm{m}\emptyset\overline{\mathrm{a}}$ T-‘}\breve \acute \Re n $(\mathrm{a}\mathrm{e}3,4\mathrm{f}\mathrm{f}\mathrm{l}\ovalbox{\tt\small REJECT} \mathbb{R})$ $\underline{1}^{\backslash },,1\mathrm{h}\emptyset \mathrm{f}\mathrm{f}\mathrm{l}T$
$|\mathrm{g}\delta \mathfrak{W}\#\emptyset \mathrm{x}\#\mathfrak{i}’.r\mathrm{b}\backslash \mathrm{b}^{*}\tau \mathrm{f}\mathrm{f}\mathrm{l}\mathrm{B}^{1}\mathrm{J}\mathfrak{l}’.\ovalbox{\tt\small REJECT}_{\mathfrak{n}}\Rightarrow \mathrm{m}\text{ }\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathrm{b}\tau \mathrm{V}^{\backslash }\veearrow\dot{\mathrm{p}}$ .
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2 $u(0, x)=\mu_{0}\delta_{0}\emptyset\ovalbox{\tt\small REJECT}^{\underline{\mathrm{A}}}$
: $\emptyset\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}\uparrow \mathrm{f}\neq\not\in\ovalbox{\tt\small REJECT} r_{\text{ }}\nearrow\backslash \nearrow \mathrm{n}\triangleright\backslash -\overline{\mathcal{T}^{\backslash }}\text{ ^{}\backslash }\nearrow x-X\mathrm{E}\mathrm{A}^{\vee}\text{ }\ovalbox{\tt\small REJECT}\# 9\}^{\tau}.\mathrm{f}7^{\langle^{\vee}}.\sim bt\backslash \backslash \tau \mathrm{g}\backslash$ . ’\supset \yen $\mathit{0},$ $\mathrm{f}?.\text{ }$
$g,\rfloor=\backslash$ $\mathrm{b}T$ ,
(2.1) $u(t,x)=A(t)\exp(it\partial_{x}^{2})\delta_{0}$ ,
$l^{1}’.\mathrm{t}\ovalbox{\tt\small REJECT}\prime \mathrm{b}*\iota 6\cdot\sim\sim C\vee\vee-,$ $\exp(it\partial_{x}^{2})\delta_{0}=(4\pi it)^{-1/2}\exp(ix^{2}/4t)*\mathrm{b}T,$ $\text{ }\Re\%\mathfrak{U}\mathrm{a}\mathrm{e}$ ee di $\text{ }\ovalbox{\tt\small REJECT}\Phi$
$A(t)$ ea ,
(2.2) $A(t)=\{$
$\mu_{0}\exp(\frac{2\lambda|\mu_{0}|^{p-1}}{i(3-p)}|4\pi t|^{-(\mathrm{p}-1)/2}t)$ if ${\rm Im}\lambda=0$ ,
$\mu_{0}(1-\frac{2(p-1){\rm Im}\lambda|\mu_{0}|^{\mathrm{p}-1}}{3-p},|4\pi t|^{-(\mathrm{p}-1)/2}t)^{\frac{i\lambda}{(\mathrm{p}-1){\rm Im}\lambda}}$ if ${\rm Im}\lambda\neq 0$ .
$\emptyset$ at 5 $\dagger’.g\mathrm{g}\mathrm{n}6\cdot\not\equiv\ovalbox{\tt\small REJECT},$ $(2.1)$ & (NLS) $[]’.|\mathrm{t}\lambda \mathrm{L},T\# 6$ , $\mathfrak{R}\emptyset$ at $\dot{9}’\mathrm{X}A(t)\emptyset \mathrm{R}\mathrm{f}\mathrm{f}\mathrm{l}9\mathcal{T}r$
$8\mathrm{A}$ (ODE) $l^{\grave{\grave{1}}}\uparrow\ovalbox{\tt\small REJECT} \mathrm{b}h6$ .
(2.3) $\{$
$i \frac{dA}{dt}=\lambda|4\pi t|^{-(p-1)/2}N(A)$ ,
$A(0)=\mu_{0}$ .
(2.3) $\text{ }\mathrm{f}\mathrm{f}\mathrm{i}.\langle f’.b\}^{\vee\not\in}.,- \mathrm{r}\overline{A(t)}$ (2.3). $\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\grave{\mathrm{J}}H\mathfrak{i}’.\mathrm{f}\mathrm{f}\mathrm{l}\#$ } $\text{ }\cdot \mathcal{T}6k$ ffi
$\frac{d}{dt}|A|^{2}=2|4\pi t|^{-(p-1)/2}{\rm Im}\lambda|A|^{p+1}$
t]vg\hslash >*\iota $\emptyset\tau$ , $:*\iota\hslash^{1}\mathrm{b}$
(2.4) $|A(t)|=(| \mu_{0}|^{-(p-1)}-(p-1){\rm Im}\lambda\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}d\tau)^{-1/(p-1)}$
\geq fx \sim \check $k$ \emptyset ‘\check i+\hslash l . (2.4) $\emptyset \mathrm{a}_{\grave{1}}E\mathrm{f}\mathrm{f}\mathrm{i}^{\prime’}\ovalbox{\tt\small REJECT}\hslash \mathcal{D}\mathrm{F}\ovalbox{\tt\small REJECT} \mathrm{E}\theta[] \mathfrak{X}p<3\mathrm{T}\hslash 6l^{*}\backslash \Re,$ $\xi\Re \text{ }\mathrm{t}’\supset$ . $(2.4)$
$\text{ }(2.3)\}^{\vee}.\{\star\lambda \mathrm{b}\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{E}’\mathrm{f}’\mathrm{f}\mathrm{f}\mathrm{i}^{p}ffl\mathrm{u}$.9*gxt $<_{\sim}\vee\geq T(2.2)t^{*}\backslash \text{ }\mathrm{b}*\iota \text{ }$ . $\mathrm{c}-\veearrow$ , ${\rm Im}\lambda>0T$
$\}\mathrm{g}\mathrm{j}\mathrm{E}\emptyset F1^{\mathrm{I}}\mathrm{R}\mathrm{k}\nearrow*\mathrm{J}TA(t)\hslash\backslash ’\Re’\beta\S\lambda[]’|-\mathbb{R}\% T6^{\vee}\backslash -$ }\llcorner \acute gg $\mathrm{b}Tk^{\wedge}$ $\langle$ .
3 $u(0, x)=\mu_{0}\delta_{0}+\mu_{1}\delta_{a}\emptyset\#^{\underline{\mathrm{A}}}$
$:\circ \mathrm{g}\tau|\mathrm{g},$ $\mathrm{m}\Re\vec{\tau}^{-}$ $l^{\grave{\grave{1}}}\delta\Phi\Re\emptyset \mathrm{E}i\mathrm{a}_{\mathrm{D}}^{\Delta}*$)$*T5\tilde{\mathrm{x}}$ b*\iota $\text{ }\mathrm{f}\mathrm{f}\mathrm{i}\}_{\llcorner}^{\vee}$ r\yen - *\emptyset \not\in \Re $l^{*}\backslash$
$\Re \mathrm{n}\text{ _{}\sim}^{\vee}\text{ }\ovalbox{\tt\small REJECT}\tau \mathrm{t}^{\backslash }:$ 5. $\mathrm{f}\mathrm{f}_{\mathrm{n}^{-}}\mathrm{R}$ \mbox{\boldmath $\chi$}‘ $\mathrm{E}\wedge^{\backslash }\backslash$ -f\leftarrow iIJ\check \acute a-pE $0– \text{ }\ovalbox{\tt\small REJECT} \mathfrak{U}k\text{ }$ . $\mathrm{T}=\mathrm{R}/2\pi \mathrm{Z}|\mathrm{g}\ovalbox{\tt\small REJECT} \mathfrak{B}2\pi$
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$\sigma)17\mathrm{A}\overline{\pi}\vdash-\mathrm{i}7$ -C\hslash 6 ( $:$ \sim --C, $\mathrm{Z}[] \mathrm{f}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathcal{D}\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}$ ) $\sim-\text{ }\mathrm{g}_{\mathrm{D}}\tau^{\backslash }$ Vtk $L^{q}(=L^{q}(\mathrm{T}))[] \mathrm{J}\vdash-\text{ }-$
$\wedge\downarrow\sigma)q\ovalbox{\tt\small REJECT}_{\mathfrak{l}\mathrm{i}}\urcorner\ovalbox{\tt\small REJECT} 4+\mathbb{H}\ovalbox{\tt\small REJECT}\emptyset\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}$ 1\rightarrow , ‘\uparrow $\backslash$ g7ffi $H^{S}(=H^{S}(\mathrm{T}))^{\ovalbox{\tt\small REJECT} \mathrm{g}}$
$H^{s}=\{f(\theta)\in L^{2};||f||_{ff\epsilon}^{2}<\infty\}$ ,
$-\mathrm{c}\pi’\Leftrightarrow \mathrm{S}\hslash 6\mathrm{t}\emptyset \mathrm{T}b6$ . $\sim\vee$ e-e, $||f||_{H^{s}}^{2}= \sum_{k\in \mathrm{Z}}(1+|k|)^{2s}|C_{k}|^{2}(C_{k}=(2\pi)^{-1}\int f(\theta)e^{-ik\theta}d\theta)$
$\vee \mathrm{C}\hslash 6$ . $\not\in r_{\llcorner}’,$ $\ell_{\alpha}^{2}$ li $\alpha 7R\emptyset\ovalbox{\tt\small REJECT}*’\supset \mathrm{g}\Re p|\mathrm{J}\Phi\ovalbox{\tt\small REJECT} T$ ,
$\ell_{\alpha}^{2}=\{\{A_{k}\}_{k\in \mathrm{z};}||\{A_{k}\}_{k\in \mathrm{z}}||_{\ell_{\alpha}^{2}}^{2}=\sum_{k\in \mathrm{Z}}(1+|k|)^{2\alpha}|A_{k}|^{2}<\infty\}$
.
$\}^{\vee}$ at o $T\mathrm{P}’\mathrm{F}\mathrm{c}_{-}\star*\mathrm{b}\text{ }$ . ga ffl# $\int$bg- $\gamma-.b\}^{\vee}.\{A_{k}\}_{k\in \mathrm{Z}}\emptyset\{*\mathrm{b}O\}^{\vee}\{A_{k}\}$ $\mathrm{V}^{\backslash }\dot{\mathcal{D}}$ nva2 $X$
$\langle$ $\mathrm{f}\mathrm{f}\mathrm{l}\iota\backslash$ $\nu^{\backslash }\lambda \mathrm{A}\emptyset \mathrm{E}\mathrm{f}\mathrm{f}\mathrm{i}\emptyset \mathrm{b}\text{ }\mathrm{E}|_{\mathrm{f}}’ \mathrm{f}\mathrm{l}\Theta r\mathrm{J}W\}^{\vee}\ovalbox{\tt\small REJECT} T6\ovalbox{\tt\small REJECT} \mathrm{a}\mathrm{e}\text{ }\#’\mathfrak{o}^{j}J\mathrm{r}T6$.
Theorem 3.1 (local result) h $T>0[]_{\llcorner}^{\prime\perp}\mathrm{X}^{\backslash }l\mathrm{b}T,$ $\mathfrak{X}\emptyset$ \ddagger $\dot{9}’t\not\equiv_{J}\overline{\tau\backslash }k\#’\supset(NLS)\sigma)\text{ }$
$\delta^{\mathrm{i}-\prime\supset_{\Gamma \text{ }7\mathrm{f}T}}$ .
(3.1)
$u(t,x)= \sum_{k\in \mathrm{Z}}A_{k}(t)\exp(it\partial_{x}^{2})\delta_{ka}$ ,
$\sim-\vee\sim \mathrm{C}-,$ $\{A_{k}(t)\}\in C([0,T];l_{1}^{2})\cap C^{1}((0,T];\ell_{1}^{2})T\hslash \mathfrak{U}$ , $A_{0}(0)=\mu_{0},$ $A_{1}(0)=\mu_{1}A_{k}(0)=0$
$(k\neq 0,1)T\hslash 6$ .
Remark 3.1. Theorem 3.1 $\text{ }\mathrm{r}\not\in[]’.\mathrm{E}_{X}^{\mathrm{r}}$ }) $\mathrm{b}\lambda’\mathrm{b}6A_{k}(t)\exp(it\partial_{x}^{2})\delta_{ka}\in\lceil k8\mathrm{B}\emptyset*-$
$\text{ }\mathrm{f}\mathrm{f}^{\mathrm{g}_{1}-}’arrow \text{ }\}^{\vee}\mathfrak{l}-\mathrm{b}\mathrm{J};\dot{\mathrm{p}}$ . \tau $\text{ }$ nma $\overline{\tau}-Pt^{\mathrm{i}}0\delta \mathrm{B}k1\xi \mathrm{B}\emptyset\yen-$ }$\vee^{\backslash }\emptyset\backslash *\hslash:\mathrm{b}\mathrm{f}\mathrm{f}\mathrm{l}ffi\xi n\tau$
$\mathrm{v}\backslash$ }\breve \acute $\mathrm{b}\ovalbox{\tt\small REJECT} \mathrm{b}\mathrm{b}^{-}r,$ $(3.1)[]’.\dagger \mathrm{f}0,1$ li$ EI \downarrow ,\acute ‘l# $\Psi \mathrm{r}\mathrm{b}\mathrm{v}\backslash *-$ “li\Re n\tau $\mathrm{t}^{\backslash }6$ . $\sim\emptyset\vee 1*\mathrm{H}$ } $\mathrm{J}\text{ }$
\Re \Psi \nearrow B#\epsilon \emptyset $\mathrm{b}$ \tau h6.
Remark 3.2. Theorem 3.1 $\emptyset\ovalbox{\tt\small REJECT} \mathrm{B}fl$ fi6&, o)gJike: $’\supset \mathrm{V}^{\backslash }T$ }$\mathrm{g}**-\Re nrxm\Re\overline{\tau}^{-}$
\tau t\urcorner \cup \not\in \tau \hslash \sim \check &\emptyset ‘‘‘b\emptyset l . $**$-retsfxm\Re \tau -- }g-E.\Re R-b}L\acute g?ffiR}c\acute $\delta$ $00$
$\mathfrak{B}\emptyset\grave{\grave{\backslash }}\Phi k$
. at 5 $rx7^{\overline{-}-}$ $\emptyset_{\sim}^{\vee}\text{ }\mathrm{T},$ $u(0,x)= \sum_{k\in \mathrm{z}}\mu_{k}\delta_{ka}\emptyset\ddagger\dot{9}\}_{\llcorner}^{r}\exists \mathrm{g}\not\equiv\# 6$ ek$\mathcal{D}_{\sim}^{\vee}k$ Th
6 $\cdot$ $f_{\llcorner}’f^{\wedge^{\backslash }}\llcorner \mathrm{b}\backslash ,$ $\mathrm{f}\mathrm{f}\mathrm{i}\Re[]’.|\mathrm{J}\{\mu_{k}\}\in l_{1}^{2}\emptyset$at 5 $rx\hslash\overline{@}\ovalbox{\tt\small REJECT}\dagger+\text{ }\ovalbox{\tt\small REJECT}\tau$. $\mathrm{f}\mathrm{f}\backslash \Re 0^{\vee}arrow\emptyset$ \ddagger $\dot{\mathcal{D}}’X\otimes_{\overline{\mathrm{E}}\ovalbox{\tt\small REJECT}\dagger+}$
$\neq\not\in \mathbb{R}\ovalbox{\tt\small REJECT}\not\in \text{ ^{}-}\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}+\text{ }\beta_{\backslash }\}^{\vee}.’\phi$SZD.
Remark 3.3. (3.1) ee $\hslash$ \ddagger 5 $rxm\#$ }$\mathrm{g}L_{loc}^{\infty}((0,T];L^{\infty}(\mathrm{R}))\emptyset\ovalbox{\tt\small REJECT}\Re\tau\#\mathrm{x}\#\mathrm{b}T\mathrm{V}^{\backslash }6\cdot fX\not\in$
$fX\mathrm{b}\not\subset k’\sigma)_{\mathcal{T}}\in(0,T)$ XSS $\mathrm{b}T$ ,




8 $\prime x\text{ }\emptyset\backslash \mathrm{b}^{-}C\hslash 6$ . $\sim-\mathrm{n}\#’$. at $’\supset T(\mathrm{N}\mathrm{L}\mathrm{S})\emptyset \text{ }\Re\Psi\nearrow\ovalbox{\tt\small REJECT} \mathcal{N}(u(t,x))$ ea $t\neq 0$ $\text{ }\mathrm{g},$ $\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \text{ }$
$\mathrm{b}T,\ovalbox{\tt\small REJECT}’$ R E’\supset c\check }\breve \check \acute x . \yen $f’.,$ $(3.1)\mathfrak{P}\Leftrightarrow\dot{\mathrm{x}}_{-}\mathrm{b}n60\not\in l\mathrm{J}C([0,T];S’(\mathrm{R}))[]’.\mathrm{t}$ tel $\mathrm{b}T\mathrm{k}^{\backslash }$
$\mathfrak{v},$
$\not\in\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\emptyset_{l\mathrm{f}\dot{\mathrm{f}\mathrm{i}}}^{\mathrm{m}}\pi\tau \mathrm{m}\Re_{\vec{\mathcal{T}}}-$ }\llcorner \acute g‘ $\ovalbox{\tt\small REJECT}\}^{\vee}.\mathrm{o}txt^{\grave{\grave{1}}}$ $arrow k\vee\}_{\llcorner}^{\vee}\mathrm{b}$ itlk ES $\mathrm{b}T\mathrm{k}^{\backslash }$ $\langle$ .
Remark 3.4. (3.1) $\emptyset$ \ddagger 5 $\prime t\mathrm{A}\not\in \text{ }\ovalbox{\tt\small REJECT}\Re[] \mathrm{f})^{\backslash },,\lambda \mathrm{T}\text{ }\mathrm{k}^{\backslash }\mathrm{k}^{\backslash }\yen\hslash^{1}tt\ovalbox{\tt\small REJECT}^{\frac{\mathrm{a}}{\mathfrak{n}}\mathrm{A}}\mathrm{f}\mathrm{f}\mathrm{l}\hslash^{1}\mathrm{b}\Xi$as $[]^{\vee}.\neq_{l}\mathrm{R}^{-}G\mathrm{g}$ . $’\supset$
Si $\mathit{0},$ $\neq \mathrm{E}\ovalbox{\tt\small REJECT}\Psi\nearrow\nearrow \text{ ^{}\}\mathrm{g}}\mathrm{k}\Lambda\#\mathrm{J}t>0\hslash^{\theta}\backslash /\mathrm{j}\backslash \xi_{\mathrm{V}}\backslash$ $\doteqdot,$ $\ovalbox{\tt\small REJECT}\%\mathrm{f}\# u_{1}(t,x)=\exp(it\partial_{x}^{2})(\mu_{0}\delta_{0}+\mu_{1}\delta_{a})T\mathrm{B}$




\emptyset $\mathrm{b}T\epsilon_{\mathrm{K}}^{\mathrm{h}}\mathrm{b}\mathrm{n}6Tk\mathrm{Z}55$ . $arrow\sim \mathrm{T}\vee\vee 3\mathrm{E}\Re\%\mathrm{E}\emptyset x^{\vee}\mathrm{C}\ovalbox{\tt\small REJECT} \text{ }\}’.’\supset \mathrm{V}^{\backslash }T[] \mathrm{g}$,
$u_{1}=e^{ix^{2}/4t}DFe^{ix^{2}/4t}u(0,x)$ ,
(tctc $\mathrm{b}Df(t,x)=(2it)^{-n/2}f(t,x/2t)\cdot\epsilon \mathrm{b}TF$ g -)| $\text{ }\mathfrak{B}\#$ ) $\mathrm{v}\backslash 5\not\equiv\Re \text{ }\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{t}\backslash \gamma’..\mathrm{g}$
$T,$ $e\emptyset\overline{\hslash}[]^{r}.\hslash 6ax$ BIJ\emptyset \not\in \Re $\theta^{-}\mathrm{C}\ovalbox{\tt\small REJECT} \mathrm{g}\ \dot{\mathrm{x}}T*6$ , (3.2) $\mathcal{D}\text{ }\mathrm{f}\mathrm{f}\mathrm{l}\text{ ^{}j}\mathrm{E}|\mathrm{J}\theta\emptyset 2\pi\ovalbox{\tt\small REJECT}\Re$
NX $k*txT^{\vee}\sim kl^{*}\backslash \tau \mathrm{g}6$ . $\kappa’\supset T$ -)| $\text{ }\mathfrak{R}\Re \mathrm{E}\ovalbox{\tt\small REJECT}$elrm $\mathrm{t}^{\backslash }6\geq$
$((3.2) \text{ }B\grave{\mathrm{J}}2)=|4\pi t|^{-(p-1)/2}(2\pi)^{-1/2}e^{ix^{2}/4t}D\sum_{k\in \mathrm{Z}}B_{k}(t)e^{i(ka)^{2}/4t}e^{-:k\theta}$
$=|4 \pi t|^{-(p-1)/2}\sum_{k\in \mathrm{Z}}B_{k}(t)\exp(it\partial_{x}^{2})\delta_{ka}$ ,
$r_{X}$ . $\sim\vee\sim T\vee B_{k}(t)e^{i(ka)^{2}/4t}\text{ }\mathrm{f}\mathrm{f}\mathrm{l}9l^{\backslash }\backslash$ -)| $\mathrm{a}$ $\mathrm{f}\mathrm{f}\backslash \mathrm{a}\mathrm{e}[]’.\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{g}\mathrm{b}T\mathrm{V}^{\backslash }$ . $\hslash$ ib $|2$ Duhamel $\emptyset$
$\ovalbox{\tt\small REJECT}\Phi \text{ }\mathrm{E}\mathrm{f}\mathrm{f}\mathrm{l}T$ $\mathrm{F}2_{\grave{\mathrm{J}}}\mathrm{E}\mathrm{f}^{\mu^{\backslash }}$ $u_{2}l^{\grave{\grave{1}}}(3.1)\emptyset$ & $5$ $rx\Psi\nearrow[]_{\llcorner}’f\mathit{1}$ : $\text{ }l\dot{:}\mathrm{b}t^{1}6$ .
$\mathrm{F}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} P\mathrm{T}\mathrm{f}\mathrm{f}\mathrm{i}\sigma)\mathrm{f}\mathrm{f}\mathrm{l}Rt^{*}\backslash \tau\gtrless 6k$Uc $\}’.\Phi^{\backslash }r\llcorner\backslash l^{*}>\hslash$ \emptyset 2k :k\Phi \dagger \breve \acute \Phi \tau 6 \tau \hslash 6. $k_{-}^{\backslash }\lambda^{-}\mathrm{F}$
$\emptyset$ Theorem 3.2 $\text{ }$ En}fbll $\sim \text{ }\vee$ tc $l^{\mathrm{i}},$ ${\rm Im}\lambda\emptyset \mathrm{j}\mathrm{E}\Leftrightarrow p_{\mathrm{i}}\mathrm{g}\beta \mathrm{B}\mathrm{k}\mathfrak{s}_{\mathfrak{t}}’|$] $\mathbb{R}\ovalbox{\tt\small REJECT} \mathrm{b}\mathrm{b}<|\mathrm{g}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}*\Re$
APV \emptyset \tau \not\in Rkk-;- .
Theorem 3.2 (blowing up or global result) (1) $Im\lambda>0\text{ }T$ . $arrow\vee$ ($\mathrm{Z}\supset\ *$ , The-
orem 3.1 $\emptyset\hslash 7\mathrm{t}\mathrm{J}\mathrm{j}\mathrm{E}\emptyset\xi\beta\S \mathrm{k}\nearrow*1\rfloor$ \tau a%\tau 6. $\mathrm{j}\mathrm{E}\not\in\}’$.ea $\{A_{k}(t)\}\emptyset\ell_{0}^{2}$ $\hslash^{\mathrm{i}}\mathrm{h}$ $\mathrm{f}$
$\emptyset \mathrm{f}\mathrm{f}\mathrm{i},\#\wedge \mathrm{J}\tau*-\mathrm{C}\mathrm{f}\mathrm{f}\mathrm{i}_{\backslash \backslash },\beta \mathrm{B}\lambda\}’$. fjl 6.
(2) $Im\lambda\leq 0$ $+$ . $\sim\emptyset\vee k\mathrm{g}$ , Theorem 3.1 $\emptyset$ at $\dot{\mathit{0}}^{f}x\mathfrak{X}\Re \text{ }$ t’\supset ffiffl\mbox{\boldmath $\lambda$}\Re t‘*-,\supset t7:
$\not\in+\text{ }$ . $f’\llcorner f^{\wedge^{\backslash }}.\backslash$ L., $\{A_{k}(t)\}\in C([0,\infty);\ell_{1}^{2})\cap C^{1}((0,\infty);\ell_{1}^{2})T\hslash 6$ .
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$\mathrm{s}\tau$ , Theorem 3.1 Sb $\ddagger\sigma 3.2\emptyset\ovalbox{\tt\small REJECT} \mathfrak{U}\mathfrak{l}’.\ovalbox{\tt\small REJECT} 6_{i}’’$ . $7^{-\text{ }}arrow\backslash ^{\backslash }$es (NLS) $\text{ }\ovalbox{\tt\small REJECT}^{\backslash }\pi_{\nearrow J}’\mathrm{b}T,$ $\{A_{k}(t)\}$
$\mathcal{D}_{\mathrm{r}\mathrm{b}}^{P\mapsto \mathrm{f}\mathrm{f}\mathrm{l}4+\not\supset j\mathrm{E}\mathrm{A}*_{\backslash }t’\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} \mathrm{S}\#}\cap\llcorner$ $arrow \text{ ^{}-}\vee Ch\text{ }$ . $\mathrm{f}_{\mathrm{p}}\#\Phi l2\neq \mathrm{F}\ovalbox{\tt\small REJECT}\Psi\nearrow/\mathrm{E}$ ee $\mathrm{g}\Re(3.1)\mathrm{g}\mathrm{g}\tau\ovalbox{\tt\small REJECT} \mathrm{g}bf’$ ’&
$\text{ }\mathrm{M}\Phi X\mathfrak{F}\mathrm{T}$ ikb 6 $\theta\grave{\grave{>}},$ $*n\#^{\prime_{d}}.\supset \mathrm{v}\backslash \tau$ } $\mathrm{g}^{\backslash }\ \emptyset$ Lemma $\#’.\epsilon \mathrm{k}’\supset\tau_{\}}^{\dashv}\overline{\mathrm{A}}\ovalbox{\tt\small REJECT} \mathrm{R}\mathrm{T}\mathrm{g}6$ .
Lemma 3.3 $\{A_{k}(t)\}\in C([0, T];\ell_{1}^{2})$ &\tau 6. $\sim\vee\emptyset$ $\mathrm{g}$ ,
(3.3) $N( \sum_{k\in \mathrm{Z}}A_{k}(t)\exp(it\partial)\delta_{ka})=|4\pi t|^{-(p-1)/2}\sum_{k\in \mathrm{Z}}\tilde{A}_{k}(t)\exp(it\partial)\delta_{ka}$,
$\emptyset\grave{\grave{\backslash }}ffi\mathfrak{h}\mathrm{f}’\supset$ . tctc $1_{r},\tilde{A}_{k}(t)=(2\pi)^{-1}e^{-i(ka)^{2}/4t}\langle N(v), e^{-ik\theta}\rangle_{\theta}$ $\mathrm{L},$ ,
$v=v(t, \theta)=\sum_{j}A_{j}(t)e^{-ij\theta}e^{i(ja\rangle^{2}/4t}$
$\mathrm{k}$ sas $\langle f,g\rangle_{\theta}=\int_{0}^{2\pi}f(\theta)\overline{g(\theta})d\theta$ -eto .
Lemma 3.3 $\emptyset\Phi \mathfrak{U}$ . $\mathbb{R}\Psi_{J}^{\backslash }\backslash \nearrow=\triangleright-\overline{\tau}\text{ }$ tz $P-E\not\in x\mathrm{t}\emptyset \mathrm{f}\mathrm{f}\mathrm{l}\mathrm{f}\mathrm{F}\hslash\ovalbox{\tt\small REJECT} l^{\theta}\backslash *\emptyset$ \ddagger 5 $[]’.b\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{T}\mathrm{g}\epsilon$
\sim \check $1\mathrm{e}\mathrm{f}\mathrm{f}|\Leftrightarrow’\iota_{\mathrm{r}}\tau \mathrm{k}^{\backslash }$ $\langle$ .
$\exp(it\partial_{x}^{2})f$ $=$ $(4 \pi it)^{-1/2}\int\exp(i|x-y|^{2}/4t)f(y)dy$
$=$ MDFMf,
$arrow\sim\vee-\tau$ ,
$Mg(t, x)$ $=$ $e^{ix^{2}/4t}g(x)$ ,
$Dg(t, x)$ $=$ $(2it)^{-1/2}g(x/2t)$ ,






$|4 \pi t|^{-(p-1)/2}(2\pi)^{-1/2}MDN(\sum_{j}A_{j}(t)e^{-ijax+i(ja)^{2}/4t})$ .
$k$ \acute t . $\mathrm{f}\mathrm{s}\mathrm{S}\mathrm{b}$ , (3.4) \emptyset #$\emptyset \not\in J:c \acute T-‘ $\text{ }\mathrm{g}[]’.,\text{ }\Re\#’’,\not\in\emptyset F-\backslash \backslash \mathrm{r}/T\vee\backslash \ovalbox{\tt\small REJECT}\#\ \ovalbox{\tt\small REJECT}^{1\mathrm{J}\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{b}f_{arrow}.e\emptyset}$’
$\ovalbox{\tt\small REJECT} \mathfrak{i}’$. to 6 $ax$ $\theta\tau\ovalbox{\tt\small REJECT} \mathrm{g}\mathrm{a}\dot{\mathrm{x}}.6b,N(\Sigma_{J}\prime A_{i}(t)c^{-ij\theta+i(ja)^{2}/4t})\emptyset\#\mathfrak{l}9|\mathrm{B}\theta\emptyset 2\pi$ mmamarw&
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$\ovalbox{\tt\small REJECT}\langle\sim-\text{ }\not\supset\backslash \tau*\mathrm{g}6$ . $:\sim-\mathrm{T},$ $C_{k}(t)=(2\pi)^{-1}\langle N(v), e^{-ik\theta}\rangle_{\theta}Tk\mathfrak{h},$ $C_{k}(t)=\tilde{A}_{k}(t)e^{i(ka)^{2}/4t}$
$\ovalbox{\tt\small REJECT} \mathrm{g}\ \grave{\mathrm{x}}_{-f\vee}\llcorner$ . $\sim\emptyset\vee\not\equiv\Re k(3.4)\}^{\vee}.\aleph\lambda \mathrm{f}\text{ }k$ Lemma 3.3 r\acute 6\leftarrow \check $bl\grave{\grave{\backslash }}\tau \mathrm{g}\text{ }$ . $\square$
8 $T$ , LLwa $T\mathfrak{l}\mathrm{E}$ (NLS) \emptyset \ddagger $\check{9}$ $|\llcorner\mu\hslash’\ovalbox{\tt\small REJECT}*x@\mathrm{A}*_{\backslash }\}’.\ovalbox{\tt\small REJECT}\ T6$ \emptyset \hslash l \Psi dfi i- . $u=$
$\Sigma_{k}A_{k}(t)\exp(it\partial_{x}^{2})\delta_{ka}$ (NLS) $[]’. \int*\lambda \mathrm{b},$ $i\partial_{t}\exp(it\partial_{x}^{2})\delta_{ka}=-\partial_{x}^{2}\exp(it\partial_{x}^{2})\delta_{ka}T\hslash 6\sim\vee k$
$\}^{\vee}.\mathrm{B}\ovalbox{\tt\small REJECT}$ LtcAT Lemma 3.3 | H\tau $k$
$\sum_{k}i\frac{dA_{k}}{dt}\exp(it\partial_{x}^{2})\delta_{ka}$ $=$
$\lambda|4\pi t|^{-(p-1)/2}\sum_{k}\tilde{A}_{k}\exp(it\partial_{x}^{2})\delta_{ka}$
$\hslash\check{>}\tau\ovalbox{\tt\small REJECT}\prime \mathrm{b}\lambda\iota \text{ }$ . iilliiz2 \epsilon tbK\tau 6& lko at 5 $tx^{\mu}\hslash’\Re\# E\not\in- \mathrm{A}*_{\backslash }[]’.3\mathrm{J}\mathrm{E}T\text{ }$ .
(3.5) $i \frac{dA_{k}}{dt}=\lambda|4\pi t|^{-(p-1)/2}\tilde{A}_{k}$
: $\emptyset\mu,m\mathrm{f}\mathrm{f}\mathrm{l}9\mathfrak{B}\mathrm{E}\mathrm{A}\ovalbox{\tt\small REJECT}[]’.\hslash\Re \mathrm{g}${$+A_{k}(0)=\mu_{k}$ \dagger \iota ‘ $\Leftrightarrow \mathrm{b}T\Re\#$} $|\mathrm{f}X\mathrm{V}^{\backslash }$ . ? 5 $Th|\mathrm{f}\{A_{k}(t)\}$
\Re \not\in ’’ $T\text{ }$ : $kl\backslash ’(\mathrm{N}\mathrm{L}\mathrm{S})$ \emptyset fflRt6-\check }\leftarrow \check ’\supset fxt‘‘‘6. (3.5) m $<f.b\}^{r}.\mathrm{f}\mathrm{f}\mathrm{l}\# E\mathfrak{B}\mathrm{A}$
$\}_{\llcorner}’\ovalbox{\tt\small REJECT} \text{ }\mathrm{L},T\mathrm{k}^{\backslash }$ $\langle$ .
$\{A_{k}(t)\}$ $=$ $\{\Phi_{k}(\{A_{j}(t)\})\}$
(3.6) $\equiv$ $\{\mu_{k}\}-i\lambda\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}\{\tilde{A}_{k}(\tau)\}d\tau$ .
$\mathrm{i}\Xi\Re\{\Phi_{k}\}[]’.X\backslash \}\mathrm{b}T\Re/\mathrm{J}\backslash ^{l}\Xi\ \emptyset\ovalbox{\tt\small REJECT}\Phi k\mathfrak{G}\hslash \mathrm{b}$tc a $\backslash \circ f’.\backslash \backslash l\dot{\backslash },$ $*\emptyset\ovalbox{\tt\small REJECT}*\emptyset$ Lemma $\}’.\hslash 6$ \ddagger 5
$\prime x\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{i}t^{*}\backslash F\mathrm{H}\}^{\vee}.\# x\text{ }$ .
Lemma 3.4 $I=[0, T]k$ Sb $\langle$ . $T$ $\text{ }\mathrm{I}^{\backslash },.\prime 1\mathrm{t}^{\wedge}\emptyset\tau\backslash \not\cong \mathrm{A}\hslash\check{\backslash }$ ffi $\mathfrak{h}\underline{\backslash r}’\supset$ $.$




Lemma 3.4 $\emptyset\ovalbox{\tt\small REJECT} \mathrm{H}fl$ . Lemma 3.3 $\tilde{A}_{k}\dagger_{\llcorner}’*_{\backslash }|$ L. $\tau \mathrm{H}\Psi 9\ovalbox{\tt\small REJECT}$ $\mathrm{S}|$) \Phi H $T\text{ }$
$k\tilde{A}_{k}$ $=$
$(2 \pi)^{-1}ie^{-\mathrm{t}(ka)^{2}/4t}\langle\partial_{\theta}N(\sum_{j}A_{j}e^{-ij\theta}e^{i(ja)^{2}/4t}), e^{-\iota k\theta}\rangle_{\theta}$







$l^{*}\backslash ’\mathrm{t}\ovalbox{\tt\small REJECT} \mathrm{b}h\text{ }$ . $arrow \mathrm{n}\vee \mathrm{T}^{\backslash }(3.7)\hslash\backslash ’ \mathrm{t}\ovalbox{\tt\small REJECT}\prime \mathrm{b}\hslash \mathrm{t}’..(3.8)\emptyset\ovalbox{\tt\small REJECT} \mathfrak{U}[]^{\prime_{P}}.\supset \mathrm{t}\backslash \tau|\mathrm{E}(3.7)\emptyset\S \mathrm{f}\mathrm{f}\mathrm{l}2_{\tilde{\hat{J}}}lB$ $\ovalbox{\tt\small REJECT} \mathbb{R}T$
$\mathrm{k}6\wedge\urcorner,$ $\neq \mathrm{E}\Re\Psi,\ovalbox{\tt\small REJECT}\emptyset\wedge^{\backslash ^{\backslash }}$ee $t>*1<p<3\mathrm{T}^{\backslash }\hslash \text{ }$ tc $\emptyset,$ $u=0TN(u)l\grave{\grave{>}}\hslash \mathrm{g}[*$ g’\supset \emptyset \tau ,
$\{A_{k}^{(1)}\}-\{A_{k}^{(2)}\}$
.
\Phi *\emptyset $f_{X}\mathrm{t}\backslash p2_{-}$ ’ $T\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}\mathrm{b}T1^{\backslash }$ . $\square$
$*[]_{\llcorner}’$ Theorem 3.1 $\sigma$) $\ovalbox{\tt\small REJECT} \mathrm{B}f[]’.@65$ .
Theorem 3.1 $\emptyset\Phi \mathfrak{U}$ . $\doteqdot \mathrm{f}\mathrm{f}\mathrm{l}\{\Phi_{k}(\{A_{j}\})\}[]’.\mathrm{x}\backslash \mathrm{f}\perp \mathrm{b}$\tau \mbox{\boldmath $\pi$}’J\gffl\emptyset \Phi gH$T6$ . $||\{\mu_{k}\}||_{p_{1}}2\leq$
$\rho 0\text{ }\mathrm{L}$ ,
$\overline{B}_{2\rho 0}=$ { $\{A_{k}\}\in L^{\infty}([0,$ $T]$ ; I $\{A_{k}\}||_{\iota\infty([0,T]_{1}\ell_{1}^{2})}.\leq 2\rho_{0}$}
$k^{1}$ $\langle$ . : $\sigma$)$\not\cong_{\mathrm{r}\overline{B}_{2\rho 0}}\mathrm{A}[]_{\llcorner}’|\mathrm{f}L^{\infty}([0, T];\ell_{0}^{2})\emptyset$ ec \ddagger \Re \mbox{\boldmath $\lambda$}i’L\tau $\mathrm{k}^{\backslash }$ $\langle$ . $\mathrm{f}\mathrm{f}\ovalbox{\tt\small REJECT}’+\wedge^{*\mathrm{g}}$




T-#6 $\emptyset\tau,$ $\mathrm{k}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} T$ /J\g $\langle$ $\varpi \mathrm{n}1\prime \mathrm{f}\Xi\ \{\Phi_{k}(\{A_{j}\})\}\hslash^{*}\backslash \overline{B}_{2\rho 0}$ I $\mathrm{T}\Re/\mathrm{j}\backslash \doteqdot \mathrm{R}[]’.f_{X}$
$6_{arrow}^{\vee}kl^{\theta}\backslash \delta l>$ . : $\hslash\dagger’\llcorner$ \ddagger $\mathfrak{U}\mathrm{E}$ Si) $I_{\hat{J}}\not\in_{\mathrm{J}}\sim T(3.6)$ \emptyset $l\backslash ’ L^{\infty}([0, T];\ell_{1}^{2})\mathrm{T}\Gamma\mp\# T$ $\sim\vee \text{ }\hslash\backslash$’
$*_{\mathit{2}}\not\supset\backslash$
$\{A_{k}(t)\}$ $\mathrm{f}\mathrm{f}\mathrm{i}\ovalbox{\tt\small REJECT} E\ulcorner \mathrm{n}$] $\emptyset \mathrm{f}\mathrm{f}\mathrm{l}\mathrm{b}\hslash:@\}’.’\supset \mathrm{V}^{\backslash }T|\mathrm{J}\iota_{\underline{r},}^{\backslash }1\mathrm{T}\emptyset‘ \mathrm{k}\dot{0}$Ge $:\mathrm{g}_{\grave{\mathrm{K}}}\wedge$ 6&\ddagger $\mathrm{t}\backslash$ . $\not\in^{-}\mathrm{r}$
$\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}\{\tilde{A}_{k}\}d\tau l\grave{\grave{\backslash }}C([0, T];\ell_{1}^{2})\}_{\llcorner}’\ovalbox{\tt\small REJECT} T6_{\mathrm{c}}^{\vee}b$ ea Lebesgue $\emptyset \mathrm{l}\mathrm{k}\mathrm{X}\not\in\Phi t\searrow \mathrm{b}\mathrm{i}\supset\hslash\backslash$
$6\emptyset \mathrm{T},$ $\mathrm{f}\mathrm{f}\mathrm{i}\delta X@A\text{ }\mathrm{f}\mathrm{f}\mathrm{i}[] \mathrm{g}\ell_{1}^{2}$ -\acute ||-g: $\geq 6^{\backslash }\mathrm{g}\nu_{\llcorner}$,caxx $r_{t’\supset}\tau\iota\backslash \epsilon$ . ff\mbox{\boldmath $\sigma$}ffl9 \not\in A#\breve \acute \ddagger 6
$\{A_{k}(t)\}\emptyset R\Re$ E6 $k$ l1“ $C^{1}((0, T];\ell_{1}^{2})\dagger’$.Et : $kl\grave{\grave{\backslash }}\mathrm{g}_{\hslash>}6$ . $m\emptyset-’\Leftrightarrow|\not\in[]’.’\supset \mathrm{V}^{\backslash }T$
$[] \mathrm{t}\mathrm{f}ffl_{\backslash }\xi\# 0^{;}x\ovalbox{\tt\small REJECT}_{\hslash \mathrm{m}\hslash>\mathrm{b}\mathrm{f}\mathrm{i}^{l}\not\in’\text{ }\}’\prime \mathrm{J}\backslash T_{\sim}^{\vee}}^{\mathrm{a}}.\overline{\cdot}$
$\hslash\grave{\grave{:}}T^{\backslash }\mathrm{g}$ . $\nu^{\backslash }A_{-}\mathrm{h}[]’.XU$ Theorem 3.1 $l^{\mathrm{i}_{\mathfrak{p}}}\overline{\overline{s}}\mathrm{i}\mathrm{E}\mathfrak{U}T\mathrm{g}f=$ .
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$\square$
Theorem 3.2 \beta fl\tau 6 $\mathrm{g}$ , 7 $JA^{-}1J_{\hat{n}}\overline\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}\epsilon\ovalbox{\tt\small REJECT}|\mathrm{J}\mathrm{f}\mathrm{f}\mathrm{l}T6\emptyset f^{\vee^{\backslash }}.\backslash l^{1\prime}\mathrm{v},\epsilon\sigma$) $\ovalbox{\tt\small REJECT}_{\backslash }[]_{\llcorner}’fR\emptyset$ Lemma
X $\hslash 6$ ,}: 5 $rx\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\backslash \mathrm{J}:\mathrm{t}l^{*}\backslash \#\prime \mathrm{X}^{\vee\supset}$.
Lemma 3.5 $\{A_{k}(t)\}\}\mathrm{g}(\mathit{3}.\mathit{5})\emptyset C([0, T];\ell_{1}^{2})\cap C^{1}((0, T];\ell_{1}^{2})\}^{\vee}$ $|?6\mathrm{f}\mathrm{f}\mathrm{i}kT$
(1) $arrow\emptyset\vee$ $\mathrm{g},\underline{\iota}^{\backslash },\lambda^{-}\mathrm{F}\emptyset\not\in \mathrm{A}l^{*}\backslash \Re\theta \mathrm{E}’\supset$ .
(3.9) $\frac{d||\{A_{k}(t)\}||_{\ell_{0}^{2}}^{2}}{dt}=\frac{Im\lambda}{\pi}(4\pi t)^{-(\mathrm{p}-1)/2}||v(t)||_{L^{\mathrm{p}\dashv 1}}^{p+1}$,
$: \sim\vee \mathrm{T}v(t,\theta)=\sum_{k}A_{k}(t)e^{-ik\theta}e^{i(ka)^{2}/4t}T\mathrm{k}\text{ }$ .
(2) $\mathrm{S}\mathrm{b}$ ee $Im\lambda\leq 0T\hslash \mathrm{n}|\mathfrak{X},$ $\mathfrak{R}\emptyset*\not\in \mathrm{f}l\grave{\grave{\mathrm{l}}}\Re \mathfrak{y}\mathrm{g},\supset$.
$(3.10)|$ $||\{kA_{k}(t)\}||_{\ell_{0}^{2}}\leq Ce^{2t}$ ,
$\sim\vee$ : $\mathrm{T}’\not\in$. a $c\ovalbox{\tt\small REJECT} \mathrm{g}\mathrm{k}7\mathrm{f}\mathrm{f}\mathrm{i}|\ovalbox{\tt\small REJECT} T$ } $\check{.}\mathrm{R}\Gamma+\mathrm{b}$ firv $\backslash$ .
Remark 3.5 (3.10) $\emptyset\ovalbox{\tt\small REJECT} \mathbb{H}[] \mathfrak{X}X\mathfrak{h}\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{l}\prime x\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}[]_{\llcorner}’$ at $’\supset T\mathrm{t}\backslash \langle$ $\mathrm{b}l1\mathrm{B}<\tau \mathrm{g}$ $t^{*}\backslash ,$ $\ovalbox{\tt\small REJECT}^{\mathrm{B}}\mathrm{f}\mathrm{l}\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\Re$
$\mathrm{S}$ $ae\backslash$ Lte $\mathrm{t}\backslash \sigma 2T\hslash\not\in 9\overline{\overline{\overline{\mathrm{n}}}}^{\mathrm{i}}\mathrm{P}\mathrm{f}\mathrm{f}\mathrm{l}\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{l}l\mathrm{b}[]’|\mathrm{f}_{\mathrm{c}}^{\vee}$ tt to $\mathrm{g};x\mathrm{t}\backslash \tau \mathrm{k}^{\backslash }<$
Lemma 3.5 $\mathrm{E}\mathfrak{U}$ . $(3.5)$ | ffl\tau 6 , $v=v(t$ ,\theta $)$ \uparrow gK \ddagger 5 tsosza$\#\mathfrak{B}\not\in- \mathrm{A}$ ffif\breve \tilde \tau .
(3.11) $i \partial_{t}v=-\frac{a^{2}}{4t^{2}}\partial_{\theta}^{2}v+\lambda|4\pi t|^{-(p-1)/2}N(v)$ .
$\mathrm{x}\mathrm{g}\dagger 2\partial_{t}v*\partial_{\theta}^{2}vl^{\mathrm{i}}.\mathrm{E}$ carwte $k\downarrow^{\backslash },,\lambda\Phi\emptyset \mathfrak{F}\ovalbox{\tt\small REJECT}[]’.*\mathrm{f}\mathrm{f}\mathrm{l}_{\mathrm{D}^{4}}^{\Delta}l^{\mathrm{i}}4- r6\hslash^{\mathrm{i}\prime},\epsilon\circ\hslash f’.U[]’.’\supset \mathrm{t}\backslash \tau[] \mathrm{g}\varpi$
$\mathrm{f}\mathrm{b}- 7^{\wedge}k\hslash$ V\\tau a E lJ{b\tau nlfjEg $\int$ b\tau $\mathrm{g}\text{ }$ . \mbox{\boldmath $\kappa$}‘’\supset \tau \downarrow ,‘ja\Psi , n fx \cap \acute -9. $\text{ }\backslash ^{\mathrm{o}}-$
$\not\subset \text{ ^{}\vee}\backslash \cdot \text{ }$ \emptyset \not\in \hslash $\backslash \mathrm{b}\sqrt{2\pi}||\{A_{k}(t)\}||_{\ell_{0}^{2}}=||v(t)||_{L^{2}}\mathrm{k}^{\backslash }\ddagger\sigma\sqrt{2\pi}||\{kA_{k}(t)\}||_{\ell_{0}^{2}}=||\partial_{\theta}v(t)||_{L^{2}}l^{\mathrm{i}}$
ffi $\mathfrak{h}\Phi’\supset\sim k\vee\}^{\vee}.\hslash\ovalbox{\tt\small REJECT} \mathrm{L},X5$ . $T6k(3.11)$ Ge $\overline{v}$ ffl)\tau ffi]‘z\emptyset ffl $6\sim\vee$ }\llcorner \acute $X\mathfrak{h}(3.9)$
k6. $-E,$ $(3.11)\emptyset \mathrm{f}\mathrm{f}\mathrm{i}|\grave{\mathrm{z}}\mathrm{Z}\}\check\overline{\partial_{t}v}$ ffl}J\tau \not\cong \oplus $b6$
(3.12) $0$ $=$ $- \frac{a^{2}}{4t^{2}}\frac{d}{dt}||\partial_{\theta}v||_{L^{2}}^{2}+\frac{2{\rm Re}\lambda}{p+1}|4\pi t|^{-(p-1)/2}\frac{d}{dt}||v||_{L^{\mathrm{p}+1}}^{p+1}$
$-2({\rm Im}\lambda)|4\pi t|^{-(p-1)/2}{\rm Im}\langle N(v), \partial_{t}v\rangle_{\theta}$ .
$l^{i_{\mathrm{t}}’}\ovalbox{\tt\small REJECT} \mathrm{b}\mathrm{U}\mathrm{t}6$ . (3.12) $[]_{\llcorner}’$ t06 ${\rm Im}\langle N(v), \partial_{t}v\rangle_{\theta}\mathfrak{X}\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{i}T6$tc $b[]’.,$ $(3.11)\emptyset|\mathrm{f}\mathrm{f}\mathrm{i}\backslash \Phi\}_{-}^{\vee}‘\overline{N(v)}$ era
et 6




hng $\mathrm{b}h6$ . $:arrow\tau\vee \mathrm{F}’\ \mathcal{D}T\backslash \not\in\iota^{\backslash },\mathrm{K}k\mathrm{E}$ $\langle$ $\Re_{\mathrm{J}\backslash }l^{\vee^{-}}.\prime \mathrm{f}\backslash \cdot\not\in x.\mathrm{C}{\rm Re}\langle\partial_{\theta}^{2}v,N(v)\rangle_{\theta}\leq 0\epsilon\ovalbox{\tt\small REJECT} 1\rfloor ffl\mathrm{b}f_{arrow}’$. $(3.12)$
$k(3.13)$ *E*A[\supset bg6&,
(3.14) $\frac{d}{dt}||\partial_{\theta}v||_{L^{2}}^{2}+K_{1}({\rm Re}\lambda)t^{(5-p)/2}\frac{d}{dt}||v||_{L^{\mathrm{p}+1}}^{p+1}-K_{2}({\rm Im}\lambda)({\rm Re}\lambda)t^{3-p}||v||_{L^{2\mathrm{p}}}^{2p}\leq 0$,
$l^{\theta\prime}>\mathrm{r}\ovalbox{\tt\small REJECT} \mathrm{b}\hslash 6$ . $\simarrow T\vee\vee K_{1}=\frac{8}{(p+1)a^{2}(4\pi)^{(p-1)/2}}$ Sb $x \sigma K_{2}=\frac{8}{a^{2}(4\pi)^{p-1}}$ .
$E(t)=|| \partial_{\theta}v||_{L^{2}}^{2}+K_{1}({\rm Re}\lambda)t^{(5-p)/2}||v||_{L^{\mathrm{p}+1}}^{p+1}-K_{2}({\rm Im}\lambda)({\rm Re}\lambda)\int_{t_{\mathrm{O}}}^{t}\tau^{3-p}||v(\tau)||_{L^{2\mathrm{p}}}^{2p}d\tau$ .
$k\mathrm{k}^{\backslash }[] l\mathfrak{l}\mathrm{f}$
(3.15) $\frac{d}{dt}E(t)\leq\frac{(5-p)K_{1}{\rm Re}\lambda}{2}t^{(3-p)/2}||v||_{L^{\mathrm{p}+1}}^{p+1}$ ,
$rx6$ . $*\mathrm{m}\}^{\vee}|-{\rm Im}\lambda\leq 0l\backslash ’\supset{\rm Re}\lambda<0\emptyset \mathrm{f}\mathrm{f}\mathrm{i}_{\mathrm{D}}^{\Delta}k\doteqdot\cdot\dot{\mathrm{x}}$at 5. (3.15) $\}$: $\mathrm{x}’\supset T,$ $t>t_{0}\emptyset k\mathrm{g}$
$E(t)\leq(\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.)l\dot{\backslash }_{\mathrm{t}\ovalbox{\tt\small REJECT} \mathrm{b}\hslash 6}’$ . $\mathrm{b}f’.l^{\mathrm{i}\prime}\supset T$
(3.16) $|| \partial_{\theta}v||_{L^{2}}^{2}\leq C_{1}+C_{2}t^{(5-p)/2}||v||_{L^{\mathrm{p}+1}}^{p+1}+C_{3}\int_{t_{0}}^{t}\tau^{3-p}||v(\tau)||_{L^{2p}}^{2p}d\tau$
$k\text{ }$ . $B\grave{1}\mathrm{E}[]’$.R at $\dot{\mathcal{D}}’X$ Gagliardo-Nirenberg $\emptyset*\not\in_{\mathrm{J}^{i}}\mathrm{C}k\mathrm{E}\mathrm{H}\mathrm{b}$ at 5.
$||v||_{I^{\mathrm{p}+1}}^{p_{J}+1}$ $\leq$
$C||v||_{H^{1}}^{(p+1)\beta}||v||_{L^{2}}^{(p+1)(1-\beta)}$ ,
$||v||_{L^{2\mathrm{p}}}^{2p}$ $\leq$ $C||v||_{H^{1}}^{2p\gamma}||v||_{L^{2}}^{2p(1-\gamma)}$ ,
$\simarrow \mathrm{T}\vee\vee 1/(p+1)=\beta(1/2-1)+(1-\beta)/2\mathrm{k}^{\backslash }$ at $\sigma_{1}/(2p)=\gamma(1/2-1)+(1-\gamma)/2\mathrm{V}\hslash$





\epsilon $ . $\sim-\emptyset\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}k’\not\in\doteqdot 6\ovalbox{\tt\small REJECT}\}’|-||v(t)||_{L^{2}}<C$ $f_{X}$ $\sim-k\text{ }\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{t}\backslash f’$. (\sim \check *\iota }g\not\in (39) llboe
5) . Gronwall $\sigma$) $*\not\in_{\mathrm{J}i}\mathrm{C}\ (3.17)\}$ \llcorner \acute Gffl+ $k:(3.10)i^{;}\prime \mathrm{t}\ovalbox{\tt\small REJECT}$ bh .
$*\}’.{\rm Im}\lambda\leq 0\delta\}’\supset{\rm Re}\lambda\geq 0\emptyset\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}kk^{-}\check{\mathrm{x}}$at 5. (3.14) $\dagger\check{\cdot}$ \ddagger $\cdot\supset T$ ,
$\frac{d}{dt}||\partial_{\theta}v(t)||_{L^{2}}^{2}+K_{1}({\rm Re}\lambda)t^{(5-\mathrm{p})/2}\frac{d}{dt}||v(t)||_{L^{\mathrm{p}+1}}^{P+1}\leq 0$ .
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$l\grave{\grave{\mathrm{l}}}’\mathrm{t}\ovalbox{\tt\small REJECT} \mathrm{b}n6$ . $F(t)=||\partial_{\theta}v(t)||_{L^{2}}^{2}+K_{1}({\rm Re}\lambda)t^{(8-\mathrm{p})/2}||v(t)||_{L^{p}}^{p+1}+1k$ Sb $\langle$ $\overline{arrow}\emptyset T^{\ovalbox{\tt\small REJECT}_{\llcorner}}\backslash \#.\mathrm{S}\hslash$) $\mathrm{b}$
$\frac{d}{dt}F(t)$ $\leq$ $\frac{5-p}{2}K_{1}({\rm Re}\lambda)||v(t)||_{L^{p\vdash 1}}^{p+.1}$
$\leq$ $\frac{5-p}{2}t^{-1}F(t)$ .
$b\prime x$ . Gronwall \emptyset \tau ‘\Leftrightarrow \ddagger $\mathfrak{p}F(t)\leq F(t_{0})(\frac{t}{t_{0}})^{(5-p)/2}l^{\mathrm{i}}\S\hslash>n6$ . $\mathrm{A}_{\urcorner},$ $||\partial_{\theta}v(t)||_{L^{2}}^{2}\leq$
$F(t),$ $\prime x\emptyset T,$ $||v(t)||_{H^{1}}^{2}\leq C(1+t)^{(5-p)/2}l^{\mathrm{i}^{\text{ }}}\mathrm{k}\mathrm{b}h$ . $\mathrm{k}^{\backslash }-\lambda- \mathrm{h}\ddagger 9(3.10)l1’’ \mathrm{t}\ovalbox{\tt\small REJECT} \mathrm{b}\lambda\iota f’.$ . $\square$
Theorem 3.2 $\Phi \mathrm{R}\mathfrak{U}$ . ${\rm Im}\lambda>0\emptyset\geq\not\equiv$ , Lemma 3.5 (3.9) H\"older $\emptyset T\backslash \not\in\nu,\mathfrak{T}||v||_{L^{\mathrm{p}+1}}^{p+1}\geq$
$(2\pi)^{-(p-1)/2}||v||_{L^{2}}^{p+1}\hslash>\mathrm{b}$
$\frac{d}{dt}||v||_{L^{2}}^{2}\geq C{\rm Im}\lambda t^{-(p-1)/2}||v||_{L^{2}}^{p+1}$.
$l:\text{ }*\mathrm{b}n6$ . $\sim>\mathrm{n}\hslash \mathrm{l}\mathrm{b}||v(t)||_{L^{2}}=||\{A_{k}(t)\}||_{\ell_{0}^{2}}\emptyset \mathrm{i}\#^{-}\beta \mathrm{B}\mathrm{k}\mathbb{H}T\Re \mathfrak{B}T6^{\vee}\sim \text{ }l^{\mathrm{i}_{J\rfloor\sim_{\backslash }}}\overline{\sim}$ z1S $\hslash 6$ . $-$
, ${\rm Im}\lambda\leq 0\emptyset$ $\mathrm{g}$ , Lemma 3.5 $\mathfrak{l}\mathrm{J}\mathrm{I}\mathrm{E}\emptyset \mathrm{k}_{A}\#\mathrm{J}[]’\mathrm{X}\backslash$}$T6||\{A_{k}(t)\}||_{\ell_{1}^{2}}\emptyset \mathrm{g}\beta \mathrm{B}\#$ {#wa $\mathrm{L},T\mathrm{t}\backslash$
$6$ . ire $’\supset T(3.5)$ $\#\mathbb{H}\mathrm{E}\overline{\rho}\int_{\lceil}\mathrm{f}\mathrm{f}\mathrm{l}\epsilon*\Re \mathrm{f}\mathrm{f}\mathrm{i}\dagger^{\vee}.’\supset t\mathrm{g}|f$ : $l^{*}>\mathrm{f}\mathrm{f}\mathrm{l}*$ . $\square$
4 $u(0, x)=\mu_{00}\delta_{0}+\mu_{10}\delta_{a}+\mu_{01}\delta_{b}(a/b\not\in \mathrm{Q})\emptyset \mathrm{E}^{\underline{\mathrm{A}}}$
$arrow\emptyset\vee\.\circ|\mathrm{J},$ $\mathrm{m}\Re_{\overline{\mathcal{T}}}-$ $\hslash^{\mathrm{i}}3’\supset \mathcal{D}\delta-\Phi \mathrm{a}n>\mathrm{b}\prime X6B_{\mathrm{D}}^{\Delta}’\cdot\}^{\vee}|-’\supset \mathrm{t}\backslash \tau\neq\not\in\Re \mathrm{m}\backslash /\mathrm{n}\vee\triangleright\backslash -7^{\overline{-}\text{ _{}\vee}^{\backslash }/}$
.
X– r\not\in \star t\emptyset ffl ffi\Re \tau 6. $\delta\Phi\#\mathrm{o}_{\mathrm{P}}^{\mathrm{A}}l^{*}>x=0,$ $a$ Sb $x\sigma b$ ee $\hslash 6\mathrm{b}\emptyset kT6$ $\mathrm{t}\mathrm{b}$
$a/b\in \mathrm{Q}(\mathrm{Q}|\mathrm{f}\#\not\in\#\emptyset\xi_{\mathfrak{o}}^{\mathrm{A}})$ \emptyset $\mathrm{g}_{\delta-\Phi\#\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\ovalbox{\tt\small REJECT}[] \mathrm{g}\mathrm{R}\mathrm{e}\mathrm{m}\mathrm{a}\mathrm{r}\mathrm{k}3.2\tau\# 6\ddagger\check{\mathit{0}}},\grave{\mathrm{L}}_{-\mathrm{b}*1\tau \mathrm{v}\backslash }^{\wedge^{*}}$
$\}^{\vee}.\Leftrightarrow \mathbb{H}\mathbb{R}\mathrm{g}\mathrm{E}\ovalbox{\tt\small REJECT}\emptyset\#\mathrm{B}^{1}\mathrm{J}rx\mathrm{t}\emptyset\Gamma^{\vee^{*}}.\hslash>\mathrm{b},$ $(\mathrm{N}\mathrm{L}\mathrm{S})\mathrm{I}\mathrm{E}$ Theorem 3.1 3.2 $\tau\overline{\overline{\simeq..}}$A $\epsilon*\mathrm{L}\tau \mathrm{v}\backslash \epsilon$ \ddagger 5
’xffl $k\mathrm{H}’\supset$ . glg $a/b\not\in \mathrm{Q}\emptyset\ovalbox{\tt\small REJECT}_{\mathrm{D}}^{\mathrm{A}}\mathrm{T}\mathrm{h}6$ . \sim -\emptyset g6\emptyset f\not\in E \nu o4\ulcorner \tau 6ffi|t\acute -\exists \beta BFD\emptyset Bffi$k$
$\mathrm{t}\backslash \langle’\supset\hslash 1\uparrow\overline{\mathrm{T}}5’.2n\overline{\pi}\#\mp;_{\iota}\backslash \mathrm{i}_{-}\mathrm{b}\emptyset\Re F^{1}\mathrm{J}_{\mathrm{B}}^{*}\mathbb{H}\ell_{\alpha}^{2}(\mathrm{Z}^{2})\}’.[] \mathrm{g}*\emptyset\ddagger\dot{2}$ fx \epsilon \mbox{\boldmath $\lambda$}n\tau $<$ .
$| \mathrm{I}\{A_{k_{1},k_{2}}\}_{k_{1},k_{2}\in \mathrm{Z}}||p_{\alpha}2=(\sum_{k_{1},k_{2}\in \mathrm{Z}}(1+|k_{1}|+|k_{2}|)^{2\alpha}|A_{k_{1},k_{2}}|^{2})^{1/2}$
.
$\mathrm{T}^{2}\mathfrak{l}\mathrm{J}\ovalbox{\tt\small REJECT}\Re 2\pi\emptyset 2\mathfrak{R}\overline{\pi}$ - -\mbox{\boldmath $\lambda$} $\mathrm{L},,$ $||f||_{L^{g}(\mathrm{T}^{2})}| \mathrm{x}(\int_{\mathrm{T}^{2}}|f(\theta_{1},\theta_{2})|^{q}d\theta_{1}d\theta_{2})^{1/q}\epsilon\#\tau$ . $\mathrm{g}$
$\mathrm{b}[]^{\vee}.2*\overline{\pi}\ovalbox{\tt\small REJECT}\Re\Phi\#[]’.*\backslash \mathrm{I}\mathrm{b}\tau$ Besov \mbox{\boldmath $\pi$}4 \epsilon \nu -‘\mbox{\boldmath $\lambda$}-Fo\supset \ddagger $5|^{\vee}.\not\in \mathrm{a}\mathrm{e}T6$ . $[s]$ ea $s\epsilon\not\in \mathrm{x}^{f_{f}}$‘
V\gxDg# F\tau b\emptyset t6. $s\mathfrak{p}_{\mathrm{i}}\geq \mathrm{E}\mathrm{E}\mathfrak{U}\emptyset$ $\mathrm{g}_{1}<q,r<\infty[]’.*\backslash$} $\llcorner,\tau$ , Besov rgma
$B_{q,\mathrm{r}}^{s}(\mathrm{T}^{2})\epsilon$
$B_{q,r}^{s}(\mathrm{T}^{2})=$ { $f\in L^{q}(\mathrm{T}^{2})$ ; lfll $B_{q.t}^{\delta}.(\mathrm{T}^{2})<\infty$ },
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Th6. $f’.f^{\theta}’.\mathrm{b},$ $h=(h_{1}, h_{2})$ kat as $d_{h}^{N}f( \theta_{1}, \theta_{2})=\sum_{j=0}^{N}(-1)^{k}f(\theta_{1}+jh_{1}, \theta_{2}+jh_{2})$ .
$T$ ti6 . : $0$) at 5 $[]’.\mathrm{f}\mathrm{f}’$aeg $t’\iota$tc Besov $\mathfrak{B}\mathbb{H}\emptyset^{\iota}|*\ovalbox{\tt\small REJECT}$ $\mathrm{L},T,$ $0\leq\sigma\leq 1l1’\supset 1/q=\sigma/q_{1}+$
$(1-\sigma)/q\mathrm{o}\emptyset \text{ }\mathrm{g}$ , Gagliardo-Nirenberg $7A\mathrm{R}$ \emptyset \tau ‘\not\in : $||f||_{B_{q,r/\sigma}^{\sigma\epsilon}(\mathrm{T}^{2})}.\leq C||f||_{B_{q_{1},r}^{\epsilon}}^{\sigma}.||f||_{L^{\mathrm{q}}\mathrm{o}(\mathrm{T}^{2})}^{1-\sigma}$
$l^{*}\backslash R9\mathrm{R}’\supset\vee\sim$ $[]’.\mathrm{f}\mathrm{f}\ovalbox{\tt\small REJECT} \mathrm{b}T\mathrm{k}\backslash \veearrow 5$ . $\mathrm{S}\mathrm{b}[]^{\vee}.||f||_{B_{2,2}^{s}(\mathrm{T}^{2})}$ la
$||f||_{H^{s}(\mathrm{T}^{2})} \equiv(\sum_{k_{1},k_{2}\in \mathrm{Z}}(1+|k_{1}|+|k_{2}|)^{2\alpha}|C_{k_{1},k_{2}}|^{2})^{1/2}$ ,
$\mathrm{s}\mathrm{p}\ovalbox{\tt\small REJECT}- \mathrm{e}h$ $\sim\vee \text{ }[]_{\llcorner}\vee \mathrm{t}\mathrm{f}\mathrm{f}\ovalbox{\tt\small REJECT}$ . $\simarrow \mathrm{V}\vee\vee,$ $C_{k_{1},k_{2}}1 \mathrm{f}(2\pi)^{-2}\int_{\mathrm{T}^{2}}f(\theta_{1}, \theta_{2})e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}d\theta_{1}d\theta_{2}$ Tfi
St. $\mathrm{b}*\iota 6$ $-|$) $\text{ }\mathrm{f}\mathrm{f}_{\backslash }\Re Th6$ . Besov $*arrow \mathbb{H}$ ee $\ovalbox{\tt\small REJECT} T6_{\overline{\beta}}^{\Rightarrow-}*$LV $\backslash \not\equiv\not\in\}’’\supset \mathrm{v}\backslash T|\mathrm{g}ffl\mathrm{J}\grave{\mathrm{x}}$ }$\mathrm{f}[4]$ \not\in
ua $\mathrm{c}\tau[] \mathfrak{X}1.,\mathrm{v}\backslash$ .
$\mu_{\backslash }^{\backslash }J{A_{k_{1},k_{2}}\}_{k_{1},k_{2}\in \mathrm{z}}\emptyset(*\mathrm{b}9\}_{\check{\mathrm{L}}}\{A_{k_{1},k_{2}}\}\emptyset$ \ddagger $\check{9}$ \acute x\Xi pE\epsilon - Ai V $\backslash 6$ $\sim>0\mathrm{f}\mathrm{f}\mathrm{l}\emptyset\#\mathrm{m}\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{a}\mathrm{e}$
ISYL $\mathrm{T}\emptyset$ Sb D.
Theorem 4.1 (local result) $1<\alpha<p$ &\tau . $\sim\vee(1)$ $\mathit{8}$ $\mathrm{g}$ , $\hslash 6T>0\}^{\vee}*\backslash \}\mathrm{L},T,$ $\mathfrak{R}\emptyset$
di 5 \acute x#E #-;-6 $(NLS)\emptyset \mathrm{f}\mathrm{f}\mathrm{l}\delta^{\vee}1-’\supset 6\not\in \mathrm{E}T6$ .
(4.1)
$u(t, x)= \sum_{k_{1},k_{2}\in \mathrm{Z}}A_{k_{1},k_{2}}(t)\exp(it\partial_{x}^{2})\delta_{k_{1}a+k_{2}b}$
,
$arrow\sim\vee\vee$: $T,$ $\mathrm{f}\mathrm{f}_{\backslash }\Re[]^{\bigvee_{J}}.\supset \mathrm{v}\backslash \tau|\mathrm{g}\{A_{k_{1},k_{2}}(t)\}\in C([0, T];\ell_{\alpha}^{2}(\mathrm{Z}^{2}))\cap C^{1}((0, T];l_{\alpha}^{2}(\mathrm{Z}^{2}))$ $ffif_{\llcorner}’\mathrm{b}$ ,
$(k_{1}, k_{2})=(0,0),$ $(1,0),$ $(0,1)\emptyset \text{ }\mathrm{g}A_{k_{1},k_{2}}(0)=\mu_{k_{1},k_{2}}T\hslash \mathrm{U}$ , $k*1\nu^{\backslash }A\% g)$ i& ec $|\mathrm{f}A_{k_{1},k_{2}}(0)=$
$0\#\mathrm{f}\mathrm{f}\mathrm{i}f’.T$ .
Remark 4.1. $\pi \mathrm{R}\mathrm{f}\mathrm{f}\mathrm{l}\sigma$) Remark 3.1 $T\grave{\mathrm{J}}_{\vee}^{\mathrm{i}}\mathrm{R}\wedge \mathrm{b}i’lT\mathrm{t}\backslash$ tc \ddagger 5 ee Theorem 4.1 $\emptyset \mathrm{f}\mathrm{f}\mathrm{l}[] 2\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{b}\mathrm{t}\backslash$
$*-$ “\emptyset \not\subset R -J‘\Phi L. $\tau \mathrm{v}\backslash \epsilon$ . L. $\hslash\backslash \mathrm{b}$ , Theorem 3.1 $*\mathrm{b}$ $\langle$ $\mathrm{g}\prime x$ ,Et } $\mathrm{E},$ $\exp(-it\partial_{x}^{2})ul^{\mathrm{i}}$
i\Xi ffl+\Phi ffi}L\acute 9\mbox{\boldmath $\pi$}+ $\delta$-waxee $f_{\mathit{1}’\supset T\mathrm{V}^{\mathrm{t}}\text{ ^{}\vee}}\sim$ $T\hslash \text{ }$ . $\sim-0_{\mathrm{R}}^{\mathrm{A}}\emptyset\Re’\#,\# 4\mathrm{i}|\mathrm{g}a/bl^{*}1,\mathrm{f}\mathrm{f}\mathrm{i}_{\backslash \backslash }\Phi \mathfrak{U}$
$rightarrow C\hslash 6\sim-$ le \ddagger 6. \yen $f’.$ , Theorem 4.1 $\emptyset_{\overline{\mathrm{f}\mathrm{i}}}\mathrm{I}\mathfrak{U}\epsilon$E6 $\mathrm{b}\hslash^{1}6l^{\grave{\grave{1}}},$ $\mathrm{m}\mathfrak{U}\overline{\tau}-$ $\hslash^{\grave{\grave{1}}}u(0,x)=$
$\Sigma_{k_{1}.k_{2\in \mathrm{z}\mu_{k_{1}.k_{2}}\delta_{k_{1}}\sigma \mathit{2}\mathrm{k}5\}’\Leftrightarrow\tilde{\mathrm{x}}\mathrm{b}*\iota}}a+k_{2}b‘\cdot,$ $\{\mu_{k_{1}.k_{2}}\}\in\ell_{\alpha}^{2}(\mathrm{Z}^{2})$ \acute x6\mbox{\boldmath $\phi$} $\int$+ i\mu f\mbox{\boldmath $\gamma$}-\leftarrow \tau &g}\llcorner \acute $\mathrm{t}$nc
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$\emptyset \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{h}\mathrm{X}[] \mathrm{J}|\urcorner_{\mathrm{H}}^{\mathrm{A}}1\mathrm{g}\tau\hslash \text{ }$ .
Theorem 3.2 $k\Pi \mathrm{p}\ovalbox{\tt\small REJECT}\}’.,$ ${\rm Im}\lambda\emptyset \mathrm{p}\mathrm{g}l\grave{\grave{\backslash }}\mathrm{f}\mathrm{f}\mathrm{l}\emptyset \mathrm{F}\mathbb{R}\mathrm{k}|^{1}\#\mathrm{R}\ovalbox{\tt\small REJECT}$ #\not\equiv P#\star gnr ^l\pm Rb 6.
Theorem 4.2 (blowing up or global result) (1) $Im\lambda>0$ $T6$ . $\sim\vee\emptyset$ $\mathrm{g}$ , The-
orem 4.1 $\circ ffl|\mathrm{E}\mathrm{E}\emptyset \mathrm{g}\beta\aleph\ovalbox{\tt\small REJECT},\%\wedge \mathrm{J}T\mathrm{f}\mathrm{f}\mathrm{l}\mathfrak{B}\text{ }6$ . $\Rightarrow\Rightarrow\yen \mathrm{o}\mathrm{b}<\mathfrak{B}\wedge^{*}$ $\{A_{k_{1},k_{2}}(t)\}\sigma)\ell_{0}^{2}(\mathrm{Z}^{2})-$
l; $\hslash^{*}\mathrm{l}h$ $\mathrm{k}\nearrow b\mathrm{J}T^{*}>0$ ee $\mathrm{k}^{\backslash }\mathrm{V}\backslash \tau\ovalbox{\tt\small REJECT}\beta\mu\lambda\}’f_{I6}$ .
(2) $Im\lambda\leq 0k\mathrm{b},$ $\mathrm{S}\mathrm{b}[]\check{.}|Re\lambda|\leq\frac{2\sqrt{p}}{p-1}|Im\lambda|$ $\ \tau 6$ . $\sim\emptyset\vee\xi \mathrm{g}$ , Theorem 4.1 $\emptyset$ ,; $\dot{\mathcal{D}}$
$\prime_{X^{-}\Xi}$R t’\supset ffll@k|ffl\star \Phi }c\acute --,\supset \tau \mp 1\pm \tau 6. $\yen f’.$ ,
$\{A_{k_{1},k_{2}}(t)\}\in C([0, \infty);\ell_{\alpha}^{2}(\mathrm{Z}^{2}))\cap C^{1}((0,\infty);\ell_{\alpha}^{2}(\mathrm{Z}^{2}))$ .
$\text{ ^{}\gamma}X6$ .
Remark 4.2. Theorem 4.2 (2) $[]^{\prime_{J}}.\supset\backslash \tau$ , H‘)JI \acute X\not\in {+lRe\mbox{\boldmath $\lambda$}l $\leq\frac{2\sqrt{p}}{p-1}|{\rm Im}\lambda|$ \Phi $\mathfrak{h}k$ }$\}$
$\hslash^{1}$ *D $\hslash>[_{\llcorner}^{\bigvee_{Z}}\supset \mathrm{V}^{\backslash }T\mathrm{I}\#$ SS $\gamma_{\llcorner}^{\theta}’*\mathrm{f}\mathrm{f}\mathrm{l}\Re Tb$ . $\ovalbox{\tt\small REJECT} \mathfrak{U}\emptyset\ovalbox{\tt\small REJECT} T[] \mathrm{f}^{\vee}\sim\emptyset 4\backslash \triangleleft\cdot$ )} $\mathrm{Q}\mathfrak{g}\mathfrak{h}\ovalbox{\tt\small REJECT}\{+|\mathrm{E}||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}$
$\sigma)\mathrm{k}$ FM $\lambda\Phi \text{ }$ Ptlifii $\epsilon \mathrm{I}5$ wa $[]^{\vee}.\#\mathrm{H}\mathfrak{P}\hslash 6$ . $arrow\emptyset\vee \mathrm{k}\mathbb{H}\lambda\Phi \mathrm{f}\mathrm{f}\mathrm{i}\mathrm{P}_{\mathrm{R}}\mathrm{E}\text{ ^{}\prime}\ovalbox{\tt\small REJECT}$ $\mathrm{a}\mathrm{e}[] \mathrm{g}$ Liskevich-
Perelmuter $\emptyset*\not\in\star\{[16]T\hslash$ . $’\supset\yen O,$ ${\rm Im} \lambda\leq 0\hslash^{1’}\supset|{\rm Re}\lambda|\leq\frac{2\sqrt{p}}{p-1}|{\rm Im}\lambda|\prime x\mathrm{b}\mathrm{f}\mathrm{f}$
${\rm Im}(\lambda(^{\text{ }}N(v_{1})-N(v_{2}))\overline{(v_{1}-v_{2})})\leq 0$ $\mathrm{v}\backslash$ 5*\not\in 11*\Re $\mathfrak{y}_{\backslash }\perp’"\supset$ .
Theorem 4.1 $k\overline{|}\ovalbox{\tt\small REJECT} \mathfrak{U}^{arrow}t6$ T- }g Theorem 3.1 $\emptyset \mathrm{E}\mathrm{f}\mathrm{f}\mathrm{l}\star\backslash mathrm{A}$ {$\theta$ $T\mathrm{V}^{\backslash }6\cdot$ $\mathrm{t}^{f}x\mathrm{b}\mathrm{b}$
(NLS) \mbox{\boldmath $\pi$}/fflf+x@ *‘L\acute h l** srr $6_{arrow k\mathfrak{P}\hslash 6\theta>*\mathcal{D}_{\grave{1}}@\not\in \mathrm{C}1^{\backslash }A\mathrm{T}\emptyset}^{\vee}*$, Lemma $\epsilon\hslash^{\mathrm{t}^{\backslash }}$ .
Lemma 4.3 $\alpha>1$ $T6$ : $\sigma$) $\mathrm{g},$ $\{A_{k_{1},\mathrm{k}_{2}}(t)\}\in C([0, T];\ell_{\alpha}^{2}(\mathrm{Z}^{2}))\dagger=*\mathrm{f}\mathrm{b}T$
(4.2) $N( \sum_{k_{1},k_{2}\in \mathrm{Z}}A_{k_{1},k_{2}}(t)U(t)\delta_{k_{1}}a+k_{2}b)=|4\pi t|^{-(p-1)/2}\sum_{k_{1},k_{2}\in \mathrm{Z}}\tilde{A}_{k_{1},k_{2}}(t)U(t)\delta_{k_{1a}+k_{2}b}$ ,
$l^{\mathrm{i}}\Re 9\mathrm{E}’\supset$ . $\sim--arrow \mathrm{T}\tilde{A}_{k_{1},k_{2}}(t)=(2\pi)^{-2}e^{-i(k_{1}+k_{2}b)^{2}/4\iota}\langle aN(w), e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}\rangle_{\theta_{1},\theta_{2}}$ $\mathrm{b}$ ,
$w=w(t, \theta_{1}, \theta_{2})=\sum_{k_{1},k_{2}\in \mathrm{Z}}A_{k_{1},k\mathrm{z}}(t)e^{i(k_{1}}ea+k_{2}b)^{2}/4t-|(k_{1}\theta_{1}+k_{2}\theta_{2})$
$.\epsilon \mathrm{b}T$
$\langle f, g\rangle_{\theta_{1},\theta_{2}}=\int_{\mathrm{T}^{2}}f(\theta_{1}, \theta_{2})\overline{g(\theta_{1},\theta_{2})}d\theta_{1}d\theta_{2}$.
$-\mathrm{C}\hslash$ .
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$=$ $|4 \pi t|-(p-1)/2(2\pi)-1/2MDN(\sum_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)e^{-i(k_{1}})ax+k_{2}bx)+i(k\iota a+k_{2}b)^{2}/4t$ .
$axkbx\epsilon\cdot\epsilon \mathrm{n}e*\iota\theta_{1}$ $\theta_{2}T\mathrm{E}\mathrm{g}\mathrm{g}_{\dot{\mathrm{X}}}$ ,
$N( \sum_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})-i(k_{1a}+k_{2}b)^{2}/4t})$








$\text{ ^{}f}x6$ . $-\mathrm{b}\emptyset\not\in \mathrm{X}TC_{k_{1},k_{2}}(t)=(2\pi)^{-1}\langle N(w), e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}\rangle_{\theta_{1},\theta_{2}}$ R,\supset r\llcorner -. $\not\in f’.,$ $C_{k_{1},k_{2}}(t)=$
$\overline{A}_{k_{1},k_{2}}(t)e^{i(k_{1a}+k_{2}b)^{2}/4t}\mathfrak{P}\hslash 6$ . $-\mathrm{k}\star \mathrm{X}\mathrm{o}g\mathrm{a}\epsilon(4.3)[]\check{.}\mathrm{g}\tau[] \mathrm{J}\emptyset 6k,$ Lemma 4.3 $\emptyset\grave{\grave{\iota}}’\mathrm{r}\ovalbox{\tt\small REJECT} \mathrm{b}n$
. $\square$
$\mathfrak{R}[]’$. (NLS) $\text{ }\mathrm{R}\Re 9E\mathrm{E}_{\mathrm{J}}\mathrm{X}$, ik $(_{\llcorner}’\mathrm{f}\mathrm{l}_{1\ovalbox{\tt\small REJECT}}^{*\mathrm{g}\#}$ . $u(t, x)=\Sigma_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)\exp(it\partial_{x}^{2})\delta_{k_{1}}a+k_{2}b$
(NLS) $[]’.\mathrm{i}\mathrm{t}\lambda \mathrm{L}f’.\not\in i\partial_{t}\exp(it\partial_{x}^{2})\delta_{k_{1}}a+k_{2}b=-\partial_{x}^{2}\exp(it\partial_{x}^{2})\delta_{k_{1}}a+k_{2}b[]_{\check{\mathrm{c}}}ff^{R}\mathrm{f}\mathrm{f}\mathrm{i},\mathrm{L},$, Lemma 43
ffl $\mathrm{V}\backslash$
$\sum_{k_{1},k_{2}}i\frac{dA_{k_{1},k_{2}}}{dl}\exp(it\partial_{x}^{2})\delta_{k_{1a}+k_{2}b}$ $=$ $\lambda|4\pi t|^{-(p-1)/2}\sum_{k_{1},k_{2}}\tilde{A}_{k_{1},k_{2}}\exp(it\partial_{x}^{2})\delta_{k_{1}+k_{2}b}a$
t*l / bn . $\sim-\hslash t>\mathrm{b}$
(4.4) $\sum_{k_{1},k_{2}}i\frac{dA_{k_{1},k_{2}}}{dt}\delta_{k_{1}}a+k_{2}b$ $=$ $\lambda|4\pi t|^{-(p-1)/2}\sum_{k_{1},k_{2}}\tilde{A}_{k_{1},k_{2}}\delta_{k_{1}+k_{2}b}a$ .
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$t\grave{\grave{\backslash }}\S\backslash t\mathrm{l}*\iota 6$ . $(4.4)\emptyset \mathrm{i}|\eta_{1}$ J‘B\mbox{\boldmath $\sigma$})\Re tbg\tau6&, $\mathrm{Y}R\sigma$) $\ddagger 5\gamma \mathit{1}\#rightarrow\Re \mathrm{a}x\not\in.\llcorner \mathrm{x}\pi_{\backslash }\#\mathfrak{l}^{\vee}-\not\in 1\rfloor_{\grave{\mathrm{i}}}\doteqdot T6$ .
(4.5) $i \frac{dA_{k_{1},k_{2}}}{dt}=\lambda|4\pi t|^{-(p-1)/2}\tilde{A}_{k_{1},k_{2}}$ .
(4.5) m {lg $A_{k_{1},k_{2}}(0)=\mu_{k_{1},k_{2}}\tau \mathrm{f}\mathrm{f}\mathrm{l}$ $\langle$ tc $bt’-,$ $\hslash 9X\not\in_{\mathrm{J}}^{-},\mathrm{t}[]^{\vee\prime}\ovalbox{\tt\small REJECT}\Psi\nearrow \mathrm{b}T\mathrm{k}^{\backslash }<$ .
(4.6) $\{A_{k_{1},k_{2}}(t)\}$ $=$ $\{\Phi_{k_{1},k_{2}}(\{A_{j\iota,j_{2}}(t)\})\}$
$\equiv$ $\{\mu_{k_{1},k_{2}}\}-i\lambda\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}\{\tilde{A}_{k_{1},k_{2}}(\tau)\}d\tau$ .
$\sim-\emptyset \mathrm{f}\mathrm{f}\mathrm{i}9X\not\in$ Vt $\#\Re/\mathrm{J}\backslash \mathrm{i}\Xi \mathrm{f}\mathrm{f}\mathrm{i}\emptyset\ovalbox{\tt\small REJECT} \mathrm{B}\mathrm{T}\Re$ $\langle$ tc $b\}^{\vee}\downarrow/\backslash \backslash - \mathrm{F}\emptyset i\mathrm{E}\Re\Psi_{\text{ }}\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}\hslash^{\mathrm{i}}\mathrm{f}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{l}‘ \mathrm{V}\hslash 6$.
Lemma 4.4 $1<\alpha<p$ $T\text{ }$ . : $0$) $\mathrm{g},$ $f=f(\theta_{1}, \theta_{2})\in B_{2,2}^{\alpha}(\mathrm{T}^{2})$ eeikt $\mathrm{L},T$ ,
(4.7) $|||f|^{p-1}f||_{B_{2,2}^{\alpha}(\mathrm{T}^{2})}\leq C||f||_{L(\mathrm{T}^{2})}^{p- 1}\infty||f||_{B_{2,2}^{a}(\mathrm{T}^{2})}$ .
$\emptyset^{\theta}>\Phi 9\mathrm{X}’\supset$ .
Lemma 4.4 coffop. $[7, 9]$ $[]_{\check{\mathrm{L}}}\hslash 6\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\epsilon\ovalbox{\tt\small REJECT} \mathrm{w}$ . $\square$
Lemma 4.4 gffl $\mathrm{t}\backslash \text{ }$ Lemma 4.3 }: 1) $6,6_{\backslash }F^{1}\mathrm{I}\{\tilde{A}_{k_{1},k_{2}}\}(=\{\tilde{A}_{k_{1},k_{2}}(t)\})\epsilon\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{i}\tau\epsilon$
Corollary 4.5 $I=[0, T]$ -t6. $T6b$
(4.8) $||\{\tilde{A}_{k_{1},k_{2}}\}||_{L\infty(I;^{p_{\alpha}(\mathrm{Z}^{2}))}}\leq C||\{A_{k_{1},k_{2}}\}||_{L\infty(I;^{p_{\alpha}(\mathrm{Z}^{2}))}}^{\mathrm{p}}2$ ,
(4.9) $||\{\tilde{A}_{k_{1},k_{2}}^{(1)}\}-\{\tilde{A}_{k_{1},k_{2}}^{(2)}\}||_{L(I;\ell_{0}^{2}(\mathrm{Z}^{2}))}\infty$
$\leq C(_{j}\max_{=1,2}||\{A_{k_{1},k_{2}}^{(j)}\}||_{L}\infty(I;\ell_{\alpha}^{2}(\mathrm{z}^{\mathrm{z}})))^{p-1}||\{A_{k_{1},k_{2}}^{(1)}\}-\{A_{k_{1},k_{2}}^{(2)}\}||_{L(I;\ell_{0}^{2}(\mathrm{Z}^{2}))}\infty$
$\hslash\backslash \cdot$ Ptl $O\mathrm{X}’\supset$ .
Corollary 4.5 $\emptyset\ovalbox{\tt\small REJECT} \mathrm{H}fl$ . Parseval $\mathcal{D}\not\in \mathrm{X}\ddagger\theta$ ,
$||\{\tilde{A}_{k_{1},k_{2}}(t)\}||_{\ell_{\alpha}^{2}(\mathrm{Z}^{2})}=(2\pi)^{-1}||N(w(t))||_{H^{\alpha}(\mathrm{T}^{2})}$ ,
$l^{\mathrm{i}}ffi\mathfrak{h}\underline{\backslash \Gamma}’\supset\lrcorner$. $\sim\sim\vee-T,$ $w(t)=w(t, \theta_{1}, \theta_{1})=\sum_{k_{1},k_{2}\in \mathrm{Z}}A_{k_{1},k_{2}}(t)e^{i(k_{1a}+k_{2}b)^{2}/4t}e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}\mathrm{T}\hslash 6$.
Lemma 4.4 &gffl\tau 6 &
$||\{\tilde{A}_{k_{1},k_{2}}(t)\}||_{p_{a}(\mathrm{z})}22\leq C||N(w(t))||_{B_{2,2}^{\alpha}(\mathrm{T}^{2})}$
$\leq C||\uparrow v(t)||_{L(\mathrm{T}^{2})}^{p- 1}\propto||u)(t)||_{B_{2,2}^{\alpha}(\mathrm{T}^{2})}$
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$\mathrm{n};\Re_{\mathfrak{h}\mathrm{E}’\supset}$ . $||w(t)||_{L(\mathrm{T}^{2})}\infty\leq C||w(t)||_{H^{\alpha}(\mathrm{T}^{2})}=2\pi C||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{a}^{2}(\mathrm{Z}^{2})}$ $f_{\mathrm{f}}\sigma)\mathrm{T}^{\backslash },$ $(4.8)l\grave{\grave{\backslash }}$
$\text{ }\mathrm{b}n$ . (4.9) $\emptyset_{\mathrm{i}\mathrm{i}}\wedge 5_{1}\mathfrak{U}$ VS $\mathrm{F}\mathrm{F}\mathit{1}\ovalbox{\tt\small REJECT} \mathfrak{i}’.T^{\backslash }\doteqdot 6$ . $\square$
Theorem 4.1 $\emptyset-\ovalbox{\tt\small REJECT} \mathfrak{U}$ . $I=[0, T]\mathrm{k}^{\backslash }$ at $\sigma$ I $\{\mu_{k_{1},k_{2}}\}||_{P_{\alpha}^{2}(\mathrm{Z}^{2})}\leq\rho 0$ $T$ 6 \yen $f\wedge$ ,
$\overline{B}_{2\rho 0}=\{\{A_{k_{1},k_{2}}\}\in L^{\infty}(I;P_{\alpha}^{2}(\mathrm{Z}^{2})); \mathrm{I}\{A_{k_{1},k_{2}}\}||_{L}\infty(I;l_{\alpha}^{2}(\mathrm{Z}^{2}))\leq 2\rho_{0}\}$
\tau . $\overline{B}_{2\rho 0}[] \mathrm{g}L^{\infty}(I;\ell_{0}^{2}(\mathrm{Z}^{2}))\emptyset \mathrm{f}\mathrm{f}\mathrm{B}\not\in- \mathrm{C}\ovalbox{\tt\small REJECT} T\hslash 6^{\vee}\sim k[]’\hslash\ovalbox{\tt\small REJECT}\yen^{-}\mathrm{r},$ (46) $\emptyset\{\Phi_{k_{1},k_{2}}(\{A_{j_{1},j_{2}}\})\}$





$\emptyset^{\mathrm{s}}>\underline{\overline{\overline{\simeq}}}\dot{\mathrm{x}}\text{ }$ . $r_{\grave{l}}’\zeta^{\sim}’\supset T,$ $T>0$ $1- 9/$ $\backslash \mathrm{S}$ \langle $\mathrm{n}|\mathrm{f}\{\Phi_{k_{1},k_{2}}(\{A_{j_{1},j_{2}}\})\}\hslash^{\mathrm{S}}\mathrm{f}\mathrm{f}\mathrm{l}/\mathrm{J}\backslash \mathrm{i}\mathit{5}\ T$h6 $\sim-$
$k\delta^{\mathrm{i}}\#\hslash\backslash$ . : in, $\theta^{1}\mathrm{b}$ (4.6) $\emptyset \mathrm{f}\mathrm{f}\mathrm{l}$ l@ $L^{\infty}(I;\ell_{\alpha}^{2}(\mathrm{Z}^{2}))T7\neq-\not\in \mathrm{b}T6^{\vee}\sim$ $l^{\theta}\backslash 9\hslash^{1}6$ . @ $\mathrm{b}\}’$.
$\int_{0}^{t}|4\pi\tau|^{-(p-1)/2}\{\tilde{A}_{k_{1},k_{2}}\}d\tau[] \mathrm{X}C(I;\ell_{\alpha}^{2}(\mathrm{Z}^{2}))[]^{\vee}.\not\in T$
$arrow\vee$ $l^{*}>$ Lebesgue $\sigma$) $\#\mathrm{X}\mathrm{E}\mathrm{E}\Phi t>\mathrm{b}i$}
$t\backslash \text{ }\emptyset T,$ $\mathrm{f}\mathrm{f}\mathrm{i}\delta \mathfrak{B}\mathrm{E}_{\mathrm{J}}\mathrm{X}\emptyset \mathrm{f}\mathrm{f}\mathrm{l}\emptyset\backslash \cdot\ell_{\alpha}^{2}(\mathrm{Z}^{2})$
$[]’.(\mathrm{i}\Xi k\Phi \text{ ^{}\backslash }\mathrm{g}\ovalbox{\tt\small REJECT}\Phi\#[]_{arrow}’’x\text{ }-\sim\geq \mathrm{t}9\hslash^{1}\text{ }$ . $\mathrm{E}\mathrm{I}X\mathrm{f}\mathrm{f}\mathrm{i}\delta$
$\not\supset_{\overline{J}\mathrm{E}\mathrm{X}*\#\mathrm{J}\mathrm{f}\mathrm{f}\mathrm{l}^{-;-6k}}.\mathrm{L}\{A_{k_{1},k_{2}}(t)\}t^{*}\backslash C^{1}((0,T];^{p_{\alpha}(\mathrm{Z}^{2}))\}^{\vee}\mathrm{E}T6^{-}}2.\sim$
$l^{\mathrm{i}}9l\backslash 6$ . nc $\{A_{k_{1},k_{2}}(t)\}$
$\emptyset-_{t\mathrm{s}\#\dagger \mathrm{f}’*\ovalbox{\tt\small REJECT}\dagger’\prime\rfloor\backslash \# 6}^{\mathrm{B}}arrow\dot{\backslash }.\overline{-}$.
$\mathfrak{R}\mathrm{t}^{\vee}$. Theorem 4.2 $\xi,\rfloor\wedge_{\backslash }\overline{<}\overline{\wedge}9’\cdot’\pi^{4J}ffl\#\text{ }\mathrm{g}_{\mathrm{L}}-.\mathrm{t}\ovalbox{\tt\small REJECT}(45)\emptyset \mathrm{k}\mathbb{H}\ovalbox{\tt\small REJECT}_{\overline{f’}}\int \mathrm{r}\mathrm{f}\mathrm{f}\mathrm{l}\text{ }*\Re \text{ }[]_{\llcorner}^{\vee}\cdot \mathrm{o}tx\# f6$
tc $b[]_{\llcorner}’||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{\alpha}^{2}(\mathrm{Z}^{2})}(\simeq||w(t)||_{B_{2,2}^{\alpha}(\mathrm{T}^{2})})$ \emptyset kH\mbox{\boldmath $\lambda$}\Phi \acute x ffi\hslash ;,A‘$\backslash \mathrm{F}[]\check{.}f_{X}$ . ’\epsilon $\hslash$ee }$\mathrm{E}$
$||w(t)||_{B_{2,2}^{1}(\mathrm{T}^{2})}\emptyset\ovalbox{\tt\small REJECT} \mathbb{H}\mathrm{k}^{\backslash }\ddagger\sigma$ Brezis-Gallouet [3] $\}’.X$ $*\backslash$} $\mathrm{a}\ovalbox{\tt\small REJECT}$ Sobolev $*\not\in \mathrm{X}\text{ }\mathrm{H}\mathrm{t}\backslash \epsilon$ .
Lemma 4.6 $\{A_{k_{1},k_{2}}\}$ Eir $C([0,T];^{p_{\alpha}(\mathrm{z}^{2}))}2\cap C^{1}((0, T];\ell_{\alpha}^{2}(\mathrm{Z}^{2}))\mathfrak{i}’.\mathrm{E}T6(\mathit{4}\cdot \mathit{5})\emptyset \mathrm{f}\mathrm{f}\mathrm{l}$ $T$ .
(1) eo 3,
(4.10) $\frac{d}{dt}||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{a}^{2}(\mathrm{Z}^{2})}^{2}=\frac{Im\lambda}{2\pi^{2}|4\pi t|^{(p-1)/2}}||w(t)||_{L^{\mathrm{p}}(\mathrm{T}^{2}\rangle}^{p+1}+1$ ,
$l^{\phi}>$ffi $\mathfrak{h}\mathrm{f}’\supset$ . $:_{\mathrm{c}}\vee\tau,$ $w(t)=w(t, \theta_{1}, \theta_{2})=\sum_{k_{1},k_{2}}A_{k_{1},k_{2}}(t)e^{i(k_{1}a+k_{2}b)^{2}/4t}e^{-i(k_{1}\theta_{1}+k_{2}\theta_{2})}T$
$\hslash 6$ .
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(2) $Im \lambda\leq 0\hslash:\neq\supset|Re\lambda|\leq\frac{2\sqrt{p}}{p-1}|Im\lambda|\prime x\mathrm{b}l\mathrm{f}$,
(4.11) $||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}\leq C$,
$\hslash^{\mathrm{i}}\Re O\mathrm{X}’\supset$ . $\sim\sim\vee\vee$: $T\mathrm{E}’\acute{\mathrm{g}}\Re C$ Ia $\mathrm{E}\mathrm{P}\# 0\overline{\S}T$ } $=\ \hslash\llcorner,$ fXl$.
Lemma 4.6 $\emptyset\ovalbox{\tt\small REJECT} \mathfrak{U}\cdot.\{A_{k_{1},k_{2}}(t)\}l\theta:\hslash\Re B\mathrm{E}^{-}\mathrm{L}\mathrm{t}\mathfrak{X}(45)$ $\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{t}’T\veearrow$ $\hslash^{1}\mathrm{b},$ $w(t,\theta_{1},\theta_{2})$
$l\backslash \cdot$
(4.12) $i\partial_{t}w=-(4t^{2})^{-1}(a\partial_{\theta_{1}}+b\partial_{\theta_{2}})^{2}w+\lambda|4\pi t|^{-(p-1\rangle/2}N(w)$
\Re f\acute \breve \tau \sim \check $[]’.\Re,\ovalbox{\tt\small REJECT} \mathrm{b}$ at $\check{0}$ . $(4.12)\emptyset \mathrm{F}\mathrm{I}\mathrm{i}_{\grave{1}}\mathrm{Z}[]_{\mathrm{t}-}’\overline{w}$ ffl}y6
$\frac{d}{dt}||w(t)||_{L^{2}(\mathrm{T}^{2})}^{2}=2{\rm Im}\lambda|4\pi t|^{(\mathrm{p}-1)/2}||w(t)||_{L^{p+1}(\mathrm{T}^{2})}^{p+1}$ .
$\not\supset \mathrm{i}_{\mathrm{f}\ovalbox{\tt\small REJECT} \mathrm{b}*\iota}’$ . $\mathrm{g}\mathrm{b}\}^{\vee}.||w(t)||_{L^{2}(\mathrm{T}^{2})}^{2}=(2\pi)^{2}||\{A_{k_{1},k_{2}}(t)\}||_{p_{0^{(\mathrm{Z}^{2})}}}2[]’.\mathrm{f}\mathrm{f}\ovalbox{\tt\small REJECT} T*\iota\dagger \mathrm{f}(4.10)t^{\mathrm{i}_{\mathrm{k}5\mathrm{b}\hslash}’}$
. $\Re[]’.(4.11)$ J-J‘e 5. (412) $\emptyset 2\#\mathrm{g}\mathrm{o}^{j}ffl\delta\dagger\uparrow ffl\ovalbox{\tt\small REJECT} l^{*}>\grave{\mathrm{l}}\mathrm{B}l\mathrm{b}\mathrm{L},T\mathrm{t}\backslash \text{ }$ tc $b,$ $\mathrm{m}\Re$ Lemma
3.5 $\emptyset-\ovalbox{\tt\small REJECT} \mathfrak{U}$ ri $\mathfrak{B}\emptyset\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} T|\mathrm{g}5$ \yen <V $\backslash \hslash^{\mathrm{y}}fp\mathrm{v}\backslash$ . $\mathrm{L},\hslash>\mathrm{b},$ $\text{ }\Re\%*\backslash \$ \emptyset a $\mathrm{x}\epsilon<T6_{\mathrm{c}}^{\vee}$
& $({\rm Im}\lambda\epsilon\not\in\emptyset E\lceil \mathrm{p}\urcorner\dagger’.\lambda \mathrm{g}\langle\Phi\epsilon_{\sim}^{>} \ )$ $\mathrm{T}$ I $\{A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}0^{\frac{-}{\overline{\mathfrak{n}}}:}\backslash \mathrm{P}\mathrm{f}\mathrm{f}\mathrm{i}\epsilon \mathrm{f}\mathrm{f}\mathrm{i}RT$ $arrow\vee$ $l^{\mathrm{i}_{\mathrm{H}}}\urcorner$
mae $f_{I6}$ . $(4.12)\emptyset \mathrm{i}\pi_{\dagger\grave{\mathrm{J}}}\mathrm{z}$ le $\partial_{\theta_{j}}(j=1,2)$ &\dagger \uparrow ffl @# $f’.\emptyset \mathrm{b},$ $\overline{\partial_{\theta_{j}}w}$ B f $\tau\Phi \mathrm{p}\mathrm{f}\mathrm{l}1$ $\Phi*\iota 1\mathrm{f}$ ,
$\frac{d}{dt}||\partial_{\theta_{j}}w(t)||_{I_{J}^{2}(\mathrm{T}^{2})}^{2}=|4\pi t|^{-(p-1)/2}\cdot 2{\rm Im}(\lambda\langle\partial_{\theta_{j}}N(w(t)), \partial_{\theta_{j}}w(t)\rangle_{\theta\iota,\theta_{2}})$ .
$l^{*\prime}>\not\in\ovalbox{\tt\small REJECT} \mathrm{b}*\iota 6$ . $\mathrm{b}\mathrm{b}{\rm Im}\lambda\leq 0\hslash\backslash ’\supset|{\rm Re}|\leq\frac{2\sqrt{p}}{p-1}{\rm Im}\lambda,$ $\prime x\mathrm{b}\ovalbox{\tt\small REJECT} \mathrm{f}$, Liskevich-Perelmuter $\emptyset-\#\Leftrightarrow \mathrm{X}$
[16] $[]_{\check{\mathrm{L}}}$ at $’\supset$ $($
${\rm Im}(\lambda\langle\partial_{\theta_{J}}N(w(t)), \partial_{\theta_{j}}w(t)\rangle_{\theta_{1},\theta_{2}})\leq 0$
$t^{\mathrm{i}_{\overline{\mathrm{B}}\mathrm{X}}^{-\mathrm{h}}}6$ . $ae”\supset T,$ $t>t_{0}$ $\emptyset$ $\mathrm{g},$ $||\partial_{\theta_{j}}w(t)||_{L^{2}(\mathrm{T}^{2})}\leq||\partial_{\theta_{j}}w(t_{0})||_{L^{2}\langle \mathrm{T}^{2})}l^{\mathrm{i}}RO\mathrm{f}\mathrm{b}$ ,
$||\{k_{j}A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}\leq||\{k_{j}A_{k_{1},k_{2}}(t_{0})\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}$
$l^{\mathrm{i}}\mathrm{E}t\backslash \mathrm{n}6.$ \yen $f^{-}.,$ $t_{0}>0$ $|\cdot*$} $/\mathrm{j}\backslash @<$ $\mathfrak{U},$ $\mathrm{k}\mathrm{P}\#\mathrm{E}\mathrm{P}7\dot{\mathrm{r}}\#\mathcal{D}\mathrm{f}\mathrm{f}\mathrm{l}h\mathrm{X}$ (Theorem 4.1 $\emptyset\overline{\frac{\overlinearrow}{\mathrm{u}}}\mathrm{E}\mathfrak{U}$) $\hslash^{1}$
b45 $\mathrm{b}\hslash 6^{\frac{-}{*\mathfrak{n}}}\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}\#\mathrm{E}\text{ },$ $0<t<t_{0}\emptyset$ $\mathrm{g},$ $||\{k_{i}A_{k_{1},k_{2}}(t)\}||_{\ell_{1}^{2}(\mathrm{Z}^{2})}\leq 2\rho_{0}l^{\mathrm{i}’}\mathrm{t}\doteqdot \mathrm{b}\hslash$ . $\Re[]’$.
(4.11) li P)]gn . $\square$
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, Theorem 4.2 .
Theorem 4.2 . , Theorem 42(1) . H\"older $||w(t)||_{L^{\mathrm{p}+1}}^{p+1}(\mathrm{T}^{2})\geq$
$(2\pi)^{-(p-1)}||w(t)||_{L^{2}(\mathrm{T}^{2})}^{p+1}$ Lemma 4.6 (4.10) ,
$\frac{d}{dt}||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{0}^{2}}^{2}\geq C{\rm Im}\lambda t^{-(p-1)/2}||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{0}^{2}}^{p+1}$ .
. $\ell_{0^{-}}^{2}$ .
Theorem 4.2 (2) . (4.12) Lemma 4.4 ,
(4.14) $\frac{d}{dt}||w(t)||_{H^{\alpha}(\mathrm{T}^{2})}^{2}$ $\leq$ $C|t|^{-(p-1)/2}||N(w(t))||_{H^{\alpha}(\mathrm{T}^{2})}||w(t)||_{H^{\alpha}(\mathrm{T}^{2})}$
$\leq$ $C|t|^{-(\mathrm{p}-1)/2}||w(t)||_{L^{\infty}(\mathrm{T}^{2})}^{p-1}||w(t)||_{II^{a}(\mathrm{T}^{2})}^{2}$
. Lemma 4.6 (4.11) Lemma 4.7
(4.15) $||w(t)||_{L^{\infty}(\mathrm{T}^{2})}$ $\leq$
$\leq$






. $||\{A_{k_{1},k_{2}}(t)\}||_{\ell_{a}^{2}(\mathrm{Z}^{2})}=(2\pi)^{-1}||w(t)||_{H^{a}(\mathrm{T}^{2})}\leq Ce^{t}<\infty$ .
$\{A_{k_{1},k_{2}}(t)\}$ .
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